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Agreements
Agreement
For rank=1, polarization-common based free-selection should be supported for W1.
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported

Agreement
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRPs

Agreement
With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported

Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off

Agreement
Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.

Agreement 
With regarding to possible restriction between K1 and K2 
· Alt 2: No restriction as long as K1+K2=Ks

Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

Agreement 
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.

Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

Agreement 
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.

Agreement 
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, study following Alternatives and down-select one Alternative in RAN1 105e:
· Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.
· Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.

Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.


Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis

For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.
· Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis

Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources
· Alt 2: No, it is not supported

Agreement
At least for rank 1, regarding the value(s) of K1 for port selection matrix W1 in NP*K1, study and down-select from the following candidate values of K1 and the maximal value of P in RAN1 105e
· K1 in {2,4,8,12,16,24,32} with K1 <= P
· The maximal value of P as Pmax, e.g.  32
· FFS: possible parameter combinations/dependence for K1 with other PS CB parameters, e.g. whether different candidate values of K1 should be configured for different ranks (if rank>1 is supported).
· FFS: Whether any value of K1 up to P can be supported for some codebook parameters 
· Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations.
Note: for polarization-specific based free-selection, it means select K1 ports out of P ports
Note: P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study)


Proposals 

FDD CSI

Proposal 8-2: A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters

Proposal 5-1: At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: applicable conditions: e,g Wf turned ON/OFF and/or associated value of Mv
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.

Proposal 6: At least for rank 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1 105e
· Alt 1: N= Mv always
· Alt 2: N >= Mv and FSS candidate value(s) of N, e.g. 2, 4
· FFS: applicable conditions: e,g Wf turned ON/OFF and/or associated value of Mv
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/ not supporting additional alternatives for higher rank.

Proposal 7: At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e,g Wf turned ON/OFF and/or associated value of Mv
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.


Proposal 9:  For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.

Proposal 10: For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1 105e, Option 0 is by default.


MTRP CSI

Proposal 17: 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme
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1 Introduction

The discussion of Round 1 is to target at a few selective proposals, which may be agreeable based on
initial feedback, for MIMO GTW session at Tuesday.

We will continue discussing, along with all other proposals for next rounds.

2 Proposals for Rel-17 PS CB Enhancements
Proposal 1: Polarization-common based free-selection should be supported for W ;.

[Mod] It seems that it is the majority of views preferred by
ZTE/Lenovo/MotM/Intel/Apple/CATT /Samsung(as baseline)/Oppo/Vivo/ Fraunhofer

I1S /Fraunhofer HHI/MediaTek/Sony /Nokia. Let us discuss by NWM and strive to make a decision
in GTW at Tuesday.

Feedback Form 1: Proposal 1

Item| Com- Comments
pany
1 Apple Support
GmbH
2 DO- Support FL’s proposal
COMO
Commu-
nications
Lab.

3 Intel Cor- | Support
poration
SAS

4 Motorola Support
Mobility
UK Ltd.
5 CATT Support

6 ZTE Cor- | Support
poration
7 Spread- Support
trum
Communi-
cations

8 Guang- Support
dong
OPPO
Mobile
Telecom.






Item

Com-
pany

Comments

Qual-
comm
Incorpo-
rated

Still prefer polarization-specific. It provides good performance without intro-
ducing much complexity.

10

vivo
Mobile
Commu-
nication

Co.,

Support

11

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] Given the majority of views, above proposal 1 will be proposed to GTW.

12

Sony Cor-
poration

Support.

13

Ericsson

LM

We prefer polarization specific, the complexity increase is marginal and it pro-
vides robustness against non-standardized channel (i.e. reality)

Proposal 3: With regarding to the candidate values of K; for port selection matriz W
in NP*K]

>Kqin {[2], 4,8,12,16,24,32} with K; <= P

->The maximal value of P of P = 32

[Mod] In order to have further discussion of detailed selection mechanism for Wy (e.g. as comments
raised by proposal 2), we need to determine values in Proposal 3 at first. Therefore to address Apple
and Samsung’ concerns, the maximal value and candidate values are added here. Let us discuss by
NWM and strive to make a decision in GTW.

Feedback Form 2: Proposal 3

Item| Com- Comments
pany

1 Apple We are open for discussion. We still need to understand why large number of
GmbH L is needed

2 DO- We think more discussion is necessary on this issue. Especially considering the
COMO memory footprint requirements associated with the combinatorial signaling
Commu-
nications
Lab.

3 Intel Cor- | Support the proposal, we can make downselection further.
poration
SAS






Item| Com- Comments
pany
4 Samsung Since we are just listing candidate values for further evaluation and potential
R&D down-selection, we suggest to remove brackets from candidate value 2.
Institute
UK
5 ZTE Cor- | Support in principle
poration
6 CATT More discussion is needed. As we commented on Proposal 8, if Mv = 1 and
port indication is combined with non-zero coefficients indication, K1 value shall
be selected freely similar to the #NZC reporting in Rel-15/16 .
7 Qual- We think we should mention candidate values for down-selection in the title.
comm
Incorpo-
rated
8 Guang- Support
dong
OPPO
Mobile
Telecom.
9 Spread- Support. We also prefer further down selection of K1 values.
trum
Communi-
cations
10 vivo
Mobile . .
Support. We want to clarify does it mean L=K1/2 for pol-
Commu- common ?
nication
Co.,
11 | HUAWEI | [Mod] It is revised as
TECH- Proposal 3: With regarding to the candidate values of K1 for port selection
NOLO- matriz W1 in NP*K1, study and down-select following candidate values of K1
GIES Co. | and the mazimal value of P in RAN1 105e
Ltd. ->K1in {2, 4,8,12,16,24,32} with K1 <= P
->The maximal value of P of Pmaz, e.g. 32
Note: for Polarization-common based free-selection, it means to select L=K1/2
ports and for Polarization-specific based free-selection, it means to select 2L=K1
ports.
12 Sony Cor- | Support the FL proposal.
poration
13 Ericsson Support the FL proposal
LM

Proposal 4-0: Confirm following WA of Wy for R17 PS CB

->Support of M, >1 is a UE optional feature if the UE supports Rel-17 PS codebook
enhancement, taking into account UE complexity related to codebook parameters

[Mod] Based on comments made for Proposal 4-1, it seems that the majority (QC, ZTE, Intel,






Apple, Samsung, Oppo, MediaTek) prefer to confirm WA made last meeting, before discussing exact
value(s) of My,

Feedback Form 3: Proposal 4-0

Item| Com- Comments
pany
1 Apple Support
GmbH
2 Nokia We prefer to postpone this discussion on UE capability until the configuration
Germany parameters and their supported combinations are agreed, to avoid introducing
multiple capabilities for similar complexities: for example one for the case Mv=2
and one for Mv=1 and N=2, which have the same complexity
3 Fraun- We again would like to point out that UE capabilities should be discussed once
hofer the codebook design and parameter combinations are clear. Otherwise, there
I1S is a risk that we introduce multiple capabilities for similar issues (an example
is provided by Nokia above). We also would like to mention that compared to
Rel. 16, the complexity of the precoder calculations is already reduced by a
very large extent for the Rel. 17 codebook, and the complexity argument when
using an additional delay (e.g., Mv = 2) compared to Mv =1 (Wf is turned off)
and the Rel. 16 CB is not justified.
4 Intel Cor- | We are OK to confirm the WA now or postpone it to the end of the WI. So, we
poration are neutral to this proposal.
SAS
5 Samsung Support
R&D
Institute
UK
6 Motorola Agree with Nokia, Fraunhofer. UE capabilities should be discussed for joint
Mobility codebook parameter combinations, and not for each codebook parameter inde-
UK Ltd. pendently
7 ZTE Cor- | Support to confirm the WA
poration
8 CATT Agree with Nokia. We can postpone the discussion until we have clear under-
tanding on the codebook parameters.
9 Spread- Support the proposal. In our views, "UE optional’ is a good compromise on
trum supporting Mv>1.
Communi-
cations






Item| Com- Comments
pany

10 Qual- Re Nokia, we don’t think M=1 w/ N=2 is similar to M=2. As mentioned,
comm the CSI algos for M=1 and M=2 can be completely different. The CSI algos
Incorpo- mentioned by some company is just one of the implementation. The most
rated important reason to separate M=1 and M > 1 is that in FDD CSI, CSI-RS is

precoded w/ FD basis, CSI processing with such CSI-RS has never been studied
or tested before, the optimal CSI algos remain unknown. It is reasonable to let
prodcut further optimize their CSI engine and make the decision.

Regarding N, for M=1, the size-N window is meaningless because the reported
PMI does not have Wf; For M>1, the size-N window introduce more PMI
searching candidates (nchoosek(N,M), and further it can be layer-specific). So,
it further adds on the complexity.

Looking at the detailed proposals for W1, W{, the complexity could become
even worse, don’t think we should delay the WA considering that it was our
last compromise to accept WH.

11 Guang- Support
dong
OPPO
Mobile
Telecom.

12 vivo Support. But we think Mv>1 is necessary when the number of CSI-RS ports
Mobile is limited.

Commu-
nication
Co.,

13 Qual- Further, M > 1 being optional is similar to L=6 optional in R16 eT2. If M
comm > 1 in R17 optional introduce similarities in complexity, L=6 in R16 €¢T2 also
Incorpo- introduce similarities, e.g., (L,M)=(6,4) vs. (L,M)=(4,6). The key issue here
rated is that for some implementation, they have similar complexity, but there exists

other implementation in which the complexity of M > 1 (or L=6 in R16 eT2)
increase signficantly.

14 HUAWEI | [Mod] The proposal looks to be controversial and we will discuss in GTW soon
TECH-

NOLO-
GIES Co.
Ltd.

15 Nokia Re QC: on the meaning of N for M=1, the meaning is the UE is mandated

Germany | to search for the best FD component at least within the configured window of

size N. If N=1 and M=1, there is no such requirement because a UE can just
calculate FD component 0, but it may also search for the best component in a
larger window, that’s up to UE implementation. In case of M>1, it is not clear
if the added complexity is due to the calculation of extra FD components, in
which case the complexity is similar to having a larger window size, or it has
to do with the search complexity nchoosek(N,M), as suggested by QC, because
if N=M=2, then no search is needed






Item| Com- Comments
pany

16 Qual- Re Nokia: Thanks for reply. As we mentioned, CSI calculation is not related
comm to the N, M or configured Wf. They are just about what the reported PMI
Incorpo- look like. When M = 1, it is just a single tap PMI, there are many ways of
rated implementation. N does not make a difference here.

17 Qual- Also, as we mentioned, even if N=M=2, the CSI algo for multiple tap PMI is
comim different compared to single tap PMI. The CSI-RS is precoded with FD basis,
Incorpo- CSI processing method is unclear because never studied or tested before. We
rated haven’t figured out whether the CSI algo mentioned by some companies is the

best one. It should be upto UE optimize its algo and make the decision.

18 Ericsson We also suggest to postpone the discussion on WA to later, when we have more
LM agreements and can better assess the complexity of Mv>1 compared to Mv=1.

Proposal 4-1: For Wgin CV3™Mv M =2 is supported for R17 PS CB

->M,>2 is not supported

[Mod] If looking at the feedback for Proposal 4-2 jointly, it seems that the majority prefer that
Mv=4 is not supported. If that is agreeable, it leads to M,=2 as Proposal 4-1, in my understanding.
The majority of Companies do not prefer Mv=4: Lenovo/MotM, Ericsson, Intel, CATT, Samsung,
Oppo, MediaTek, Fraunhofer ITS, Fraunhofer HHI (2" ), QC, Sony(2nd), Nokia.

Feedback Form 4: Proposal 4-1

Item| Com- Comments
pany
1 Apple We can support this if we confirm WA that Mv=2 is optional
GmbH
2 DO- Support FL’s proposal
COMO
Commu-
nications
Lab.
3 Intel Cor- | Support the proposal
poration
SAS
4 Samsung We can support this for up to x CSI-RS ports, where we prefer x=16.
R&D Proposal: Support Mv=2 if number of CSI-RS ports <= x=16.
Institute This is due to no gain with Wf if number of CSI-RS ports is large (as shown by
UK several companies). Then why adding Wf for large number of ports, when it
has no performance benefits, has more UE complexity, and can have more CSI
overhead (when compared with Wf being turned OFF)?
5 Motorola Support
Mobility
UK Ltd.






Item

Com-
pany

Comments

Spread-
trum
Communi-
cations

We support Proposal 4-1 as long as Proposal 4-0 is agreed.

Guang-
dong
OPPO
Mobile

Telecom.

Support the proposal

vivo
Mobile
Commu-
nication

Co.,

We don’t support the proposal. We believe Mv=4 is necessary for the case that
number of CSI-RS ports is limited, e.g., 4 or 8. For a UE only supporting limited
number of N1 and N2, enhanced R17 PS codebook can still bring comparable
performance as 32 ports with a larger Mv.

HUAWEI
TECH-
NOLO-

GIES Co.

Ltd.

[Mod] The proposal looks to be OK and we will discuss in GTW soon

10

Ericsson

LM

Support the proposal

Proposal 8: A bitmap should be used for W2 with a compression coefficient beta<=1
whereas

->FFS exact compression coefficients of beta

->FFS: whether/how such a bitmap can be absent for specific codebook configuration
parameters

->FFS: whether a bitmap is polarization-common or polarization-specific

[Mod] It seems that the majority prefers to allow compression in Wy configurable by gNB with a

bitmap.

@QCATT: FFS shall be able to address your concern, but it is difficult to agree with specific
parameters/conditions right now. Further proposals/inputs are needed.

@ Intel: with regarding to use bitmap or combinatorial indexing, companies seem to be ok with the
bitmap as Rel-16. Could you please consider it as a compromise since it will be helpful to make
decision of exact values of beta latter. It is a typical chick and egg problem.

Feedback Form 5: Proposal 8

Item| Com- Comments
pany

1 Apple We are fine
GmbH






Item| Com- Comments
pany
2 DO- Support FL’s proposal in principle. However, we think beta=1 should be ex-
COMO plicitly supported
Commu-
nications
Lab.
3 Intel Cor- | Considering that there is no other company supporting combinatorial index
poration reporting we are fine to agree on bitmap now.
SAS
4 Samsung Support with a revised 1st bullet on beta value
R&D
Institute o FFS: value(s) of beta
UK
) Motorola We support reporting a bitmap in principle, but is a bitmap still necessary for
Mobility configurations with very few coefficients (e.g., L=2, M=1 if supported)? Also
UK Ltd. is a bitmap necessary when =1 is supported (I understand the UE can still zero
out some coefficients with =1 but it doesn’t seem intuitive)
6 ZTE Cor- | Generally OK
poration
7 Guang- Support
dong
OPPO
Mobile
Telecom.
8 Qual- We think we also need to agree on NNZC indication with this proposal.
comm
Incorpo-
rated
9 Spread- We can support the proposal based on majority view. Besides, based on our
trum calculation, when the the number of reported NZCs is larger than 2/3*2LM,
Communi- | using bitmap will cause additional overhead than reporting all of the coefficient
cations amplitudes. Therefore, if bitmap was introduced, the beta value should be
carefully defined considering the tradeoff between performance and overhead.
10 | HUAWEI | [Mod] Revise as following
TECH- Proposal 8: A bitmap for indicating non-zero coefficients should be supported
NOLO- for W2 with a compression coefficient beta<=1 whereas
GIES Co. | ->FFS values of beta <1
Ltd. ->FFS: whether/how such a bitmap can be absent for specific codebook config-
uration parameters
->FFS: whether a bitmap is polarization-common or polarization-specific
11 Ericsson Support the new FL proposal
LM
12 Sony Cor- | We are okay with the FL proposal.
poration
3 Conclusions
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1

Instruction

2

[Mod]

Proposal 17

Let us discuss for further clarification or restriction

Feedback Form 1:

Item| Com- Comments
pany

1 HUAWEI | [Mod] Copy from Mr Chairman note. QC: please be free to suggest further
TECH- necessary wording for NWM discussion.

NOLO- Proposal 17:

GIES Co. | For CSI measurement associated to a reporting setting CSI-ReportConfig for

Ltd. NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy
two CPUs, two active NZP CSI-RS resources, and a number of active ports
corresponding to both CMRs.

e If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT
measurement hypothesis and CMR for Single-TRP measurement hypothe-
sis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource
are counted X times for active resources and active ports.

2 Futurewei | Support the proposal.

3 Apple In principle, we are okay.

GmbH If Qualcomm has concern. we can add something like
FFS: whether NCJT is for single-DCI multi-TRP or multi-DCI multi-TRP
Honestly speaking, this will impact how UE performs measurement and hy-
pothesis testing and it should be either implicitly or explicitly configured in
CSI-ReportConfig either via reportQuantity or something else.

4 Qual- Agree with Apple that the assumption of single-DCI or multi-DCI will impact
comin how the UE processes the CSI. Even from spec point of view (if multi-DCI is
CDMA also agreed later), this is not transparent: It maps to whether UE reports one
Technolo- | CQI or two CQlIs.
gies Hence, we can add a note to clarify that this proposal is only for single-DCI.

I think the common understanding is that multi-DCI will be discussed in the
next meeting, but please correct me if I am wrong.

We can be fine with any of the following two notes:

Note (Altl): This applies only to CSI associated with single-DCI based multi-
TRP scheme(s). FFS: Multi-DCI based multi-TRP.

Note (Alt2): This applies only when UE reports one WB CQI for the NCJT CSI
corresponding to one PDSCH. FFS: The case of two WB CQls corresponding
to two PDSCHs






Item| Com- Comments
pany

5 Samsung Support in principle. We are also fine Altl from QC in order to clarify of
Electron- | multi-DCI based multi-TRP.
ics Co.,

Ltd

6 NTT DO- | Support in principle. Fine with Altl from QC.
COMO
INC.

7 China Mo- | Support in principle. We are ok with Alt 1 from QC.
bile Com.
Corpora-
tion

8 ZTE Cor- | We are still not convinced by QC’s revision. Again, CSI feedback should not
poration be tied with PDSCH transmission scheme as we did before. Even we discuss

this single CSI reporting enhancement mainly for SDCI based SDM, how to use
the reported CSI is purely up to gNB. gNB can still schedule MDCI, or STRP
based on the current single CSI reporting. So all the clarification should be
considered only from UE perspective for CSI computation.

Here is my suggestion:

Note: For CQI calculation, UE assumes NCJT CSI hypothesis based on a pair
of CMRs is used for single PDSCH transmission

9 Spread- Support Alt 1 from Qualcomm.
trum
Communi-
cations

10 Guang- We are fine with Altl from Qualcomm.
dong
OPPO
Mobile
Telecom.

11 LG Elec- | Support the proposal and we are fine with Alt1l from Qualcomm.
tronics
Inc.

12 vivo We are fine with the proposal by adding the Altl from QC. For single-DCI
Mobile based MTRP, there is only one CQI in the CSI report which may not be very
Commu- helpful for multi-DCI based MTRP.
nication
Co.,

13 CATT We agree with ZTE that S-DCI is the assumed Tx scheme in CQI calculation but

may not be the Tx scheme in actual scheduling. So, we prefer ZTE’s revision.






Item| Com- Comments
pany

14 Nokia We share the view that CPU occupation and the number of simultaneously
Germany | active resources/ports should not be tied to the number of PDSCH transmission

or the number of reported CQIs.

In fact, for SS-TRP CSI reporting neither CPU occupancy nor active resources/-
ports depend on whether a UE reports 1 CQI or 2 CQIs (for rank>4), for
example for Type I CB.

However, we are ok with Note 1, slightly reworded:

Note (Altl): This applies at least enly to CSI associated with single-DCI
based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP.

15 Qual- @ CATT / ZTE: What is used in actual scheduling is up to the network as
comm mentioned before. I think we are not discussing that here. The note clarifies
CDMA the assumption from UE point of view. So far, we agreed to NCJT CSI for sDCI
Technolo- | based mTRP and UE reports one CQI. For multi-DCI NCJT CSI (if agreed),
gies there will be different UE procedures wrt CSI (at the very least, UE reports

two CQIs). So, I do not understand why ”actual scheduling” matters here.
@Nokia: The number of PDSCHs is always one even for 2CWs (for more than
4 layers) in Rel. 15. However, in the case of multi-DCI, we have two PDSCHs.
In any case, we can accept the revision proposed by Nokia.

16 HUAWEI | [Mod] From FL perspective, I am cautiously about the meaning of ”CSI asso-
TECH- ciated with”. Does it mean that we will have a kind of RRC signaling bundling
NOLO- for DL schemes and CSI reporting configurations in RAN1 or RAN2 spec?
GIES Co. | Note: This applies at least to CSI associated with single-DCI based multi-TRP
Ltd. scheme(s). FFS: Multi-DCI based multi-TRP.

17 ZTE Cor- | It seems QC also think the note is just assumption from UE point of view. So
poration let’s make the note clearer as follows.

Note: For CSI computation, UE assumes PDSCH transmission is single-DCI
based multi-TRP scheme. FFS: Multi-DCI based multi-TRP

18 HUAWEI | [Mod] Just a quick check whether the note is acceptable and it seems to be
TECH- more spec fridenly.

NOLO- Proposal 17:

GIES Co. | For CSI measurement associated to a reporting setting CSI-ReportConfig for

Ltd. NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy
two CPUs, two active NZP CSI-RS resources, and a number of active ports
corresponding to both CMRs.

o If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT
measurement hypothesis and CMR for Single-TRP measurement hypothe-
sis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource
are counted X times for active resources and active ports.

e Note: For above CSI computation, UE assumes PDSCH transmission
is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-
TRP scheme

19 Nokia Support
Germany






Item

Com-
pany

Comments

20

Qual-
comm
CDMA
Technolo-
gies

Thanks. We are ok with the suggestion.

3

Conclusion
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1 Instruction

2 Proposals from R1-21003872

Following proposals are copied from R1-21003872, without any changes. From FL perspective,
following proposals can be the minimal progress in RAN1 104bis given that there are plenty of open
FFS in other sections, which tends to be even more controversial.

Proposal 11: With regarding to for possible restriction between K; and K2, down select
from following Alternatives for K; and Ko

->Alt 1: K1=K2=KS/2
->Alt 2: No restriction as long as K;+Ks=Kg
[Alt 1:7 companies]: QC, DCM, VIVO, Nokia, Spreadtrum, OPPO, Apple

[Alt 2: 14 companies] Lenovo/MotM, Intel, MTK, Ericsson, LG, Futurewei, NEC, Samsung, CMCC,
ZTE, CATT, HW, Hisi

[Mod] From FL perspective, can we go with Alt2? It is just a minor issue but it has RAN2 impact.
Thanks.

Feedback Form 1: Proposal 11

Item| Com- Comments

pany
1 Futurewei | We support Alt. 2.

2 NTT DO- | Now we’re considering in many cases it may be possible that the number of
COMO good beams from primary TRP is larger than that from 2nd TRP. But it may
INC. be not so usual that the 2nd TRP has more good beams. Hence, we think

K1>=K2 is possible. So we can accept Alt. 2.

3 vivo We can go with the majority for progress.
Mobile
Commu-
nication
Co.,

4 Guang- We prefer Alt 1 but we can accept Alt 2.
dong
OPPO
Mobile
Telecom.






Item

Com-
pany

Comments

Motorola
Mobility
UK Ltd.

Agree with Docomo. Support Alt 2

Ericsson-
LG Co.,
LTD

Agree with FL. We can support Alt 2

China Mo-
bile Com.
Corpora-
tion

Support Alt 2.

Intel Cor-
poration

SAS

Alt 2 is OK for us

Nokia
Germany

We are ok with Alt 2 as well

10

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] Thanks for the support. It seems that everyone is fine with Alt2 now,
Alt 2 is suggested for further agreement. The feedback form is locked.

Proposal 14-2: The UE may assume that QCL-Type D of CMRs associated with a
NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

Support: VIVO, CATT, CMCC, Futurewei, LG, MTK, DCM, Ericsson

Not support: Apple, MotM

[Mod] From FL perspective, can we agree with above proposal? Thanks.

Feedback Form 2: Proposal 14-2

Item

Com-
pany

Comments

Nokia
Germany

Support the proposal

Futurewei

Support the proposal.

NTT DO-
COMO
INC.

Support

vivo
Mobile
Commu-
nication

Co.,

Support






Item| Com- Comments
pany
5 Motorola OK to support given the moderator’s clarification at the end of Round 2
Mobility
UK Ltd.
6 MediaTek | Support
Inc.
7 Ericsson- Ok with proposal
LG Co.,
LTD

8 China Mo- | Support.
bile Com.
Corpora-
tion

9 Intel Cor- | Support
poration
SAS

10 HUAWEI | [Mod] Thanks for the support. It seems that everyone is fine so the feedback
TECH- form is locked.

NOLO-
GIES Co.
Ltd.

Proposal 15-1: For the UE configured to report X CSIs associated with single-TRP
measurement hypotheses and one CSI associated with NCJT measurement hypothesis
(i.e. Option 1),

->Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement
hypotheses and one CRI is for NCJT measurement hypothesis. FEach CRI bit size
depends on the corresponding number of either valid CMR pairs for NCJT
measurement hypothesis or valid CMRs for single-TRP measurement hypotheses

[Mod] The proposal is suggested in RAN1 21003871 which seems to be stable enough. Sorry for the
missing.

Feedback Form 3: Proposal 15-1

Item| Com- Comments
pany

1 NTT DO- | Support
COMO
INC.

2 Futurewei | Support the proposal.

3 LG Elec- | Support the proposal
tronics
Inc.

4 MediaTek | Support
Inc.






Item| Com- Comments
pany
5 China Mo- | Support.
bile Com.
Corpora-
tion
6 Intel Cor- | Support
poration
SAS
7 Nokia Support
Germany
8 HUAWEI | [Mod] Thanks for the support. It seems that everyone is fine so the feedback
TECH- form is locked.
NOLO-
GIES Co.
Ltd.
9 HUAWEI | [Mod] The feedback form is unlocked. Here are comments from QC
TECH- Proposal 15-1: For the UE configured to report X CSIs associated with
NOLO- single-TRP measurement hypotheses and one CSI associated with NCJT mea-
GIES Co. | surement hypothesis (i.e. Option 1),
Ltd.
e Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP mea-
surement hypotheses and one CRI is for NCJT measurement hypothesis.
Each CRI bit size depends on the corresponding number of either valid
CMR pairs for NCJT measurement hypothesis or valid CMRs for single-
TRP measurement hypotheses
e Altl does not imply that the X4+1 CRIs are reported as part
of one CSI report for the purpose of payload construction and
omission.
10 ZTE Cor- | Could QC futher clarify what the new not mean 7 All CSI including X+1 CRIs
poration will be repported in single CSI reporting in our view. Further, ommision rule
is only used for part 2 CSI, but CRIs belong to part 1 CSI. I am confused.
11 Ericsson- [Ericsson] We have a similar question as ZTE regarding the bullet added by
LG Co., | QC. The X+41 CRIs belong to part 1 CSI of a single CSI-ReportConfig in our
LTD understanding. Then, saying that the X+1 CRIs may not be part of one CSI

report seems contrary to this principle.






Item| Com- Comments

pany

12 Qual- Thanks ZTE and Ericsson for the comments. The added bullet says "what the
comm above does not imply”, and it is not contradictory to anything if it clarifies that
CDMA the proposal should not be interpreted for something else.
Technolo- | The intention is that by agreeing to X4+1 CRIs, we are not assuming that these
gies are one CSI, and then we should have 3 tables for payload constructions in

38.212 for X=0, X=1, and X=2.

Furthermore ”CSI-ReportConfig” is not the same same as ”CSI report”. CSI re-
port corresponds to UCI payload for a given CSI hypothesis. CSI-ReportConfig
is related to configurations of a CSI report setting.

If mentioning ”"omission” can make the clarification confusing, we can have the
following:

e Altl does not imply that the X4+1 CRIs are reported as part
of one CSI report for the purpose of payload construction-and

13 | HUAWEI | [Mod] Based on clarifications/comments so far, the last sub bullet is slightly

TECH- modified to improve readability as much as possible.

NOLO- Proposal 15-1: For the UE configured to report X CSIs associated with
GIES Co. | single-TRP measurement hypotheses and one CSI associated with NCJT mea-
Ltd. surement hypothesis (i.e. Option 1),

e Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP mea-
surement hypotheses and one CRI is for NCJT measurement hypothesis.
Each CRI bit size depends on the corresponding number of either valid
CMR pairs for NCJT measurement hypothesis or valid CMRs for single-
TRP measurement hypotheses

e For the purpose of payload construction, Altl does not imply that
the X+1 CRIs are reported jointly as single field of one CSI report .

14 Nokia Support the latest rewording by FL
Germany

Proposal 15-2: For the UE be configured to report one CSI associated with the best
one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),

->Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid
CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP

measurement hypotheses.

->->FFS further mapping mechanism between each CRI codepoint and
Single-TRP/NCJT measurement hypothesis.

Alt 1 (17): QC, ZTE, Intel, Apple, Ericsson, Docomo, LG, Fraunhofer IIS, Fraunhofer HHI,
Nokia/NSB, Futurewei, Samsung, InterDigital, MediaTek, Huawei, HiSilicon

Alt 2 (1): Vivo

Alt 3 (3): Lenovo/MotM, Oppo





[Mod] From FL perspective, can we agree with Alt1? Thanks.

Feedback Form 4: Proposal 15-2

Item

Com-
pany

Comments

Futurewei

We support Alt. 1.

NTT DO-
COMO
INC.

Support

Guang-
dong
OPPO
Mobile

Telecom.

We can go with majority.

Ericsson-
LG Co.,
LTD

Support Alt 1.

China Mo-
bile Com.
Corpora-
tion

Support Alt 1.

Intel Cor-
poration

SAS

Support Alt. 1

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] Thanks for the support. It seems that everyone is fine so the feedback
form is locked.

Proposal 17: For CSI measurement associated to a reporting setting
CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs is
assuming to occupy two CPUs, two active NZP CSI-RS resources, and a number of
active ports corresponding to both CMRs.

->If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT
measurement hypothesis and CMR for Single-TRP measurement hypothesis, the
CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X
times for active resources and active ports.

[Mod] It seems to be agreeable.






Feedback Form 5: Proposal 17

Item| Com- Comments
pany
1 Qual- We think a note should be added: This applies to NCJT CSI associated with
comm single-DCI based scheme(s). Or: This applies to NCJT CSI with one WB-CQL.
CDMA Our understanding is that we are not even discussing the multi-DCI (with 2
Technolo- | CQIs) yet.
gies
2 Futurewei | Support the proposal.
3 NTT DO- | Support
COMO
INC.
4 ZTE Cor- | In the subbullet, and’ should be changed ’or’ as follows
poration If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT mea-
surement hypothesis “or” CMR for Single-TRP measurement hypothesis, the
CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted
X times for active resources and active ports.
Regarding the note commented from QC, we don’t think it is needed. Trans-
mission scheme should not be coupled with CSI feedback scheme. Even MDCI
based PDSCH is configured, gNB can configure Rel-17 MTRP CSI to get in-
formation, e.g. whether SDCI based MTRP CSI is better than MDCI based.
If SDCI MTRP is better, then gNB can switch to SDCI based MTRP PDSCH
transmission.
5 Guang- Support.
dong
OPPO
Mobile
Telecom.
6 vivo Support.
Mobile Re ZTE, we think X times should count across both NCJT and STRP, so "and”
Commu- is OK.
nication For S-DCI NCJT and M-DCI NCJT, the difference may only lies in the number
Co., of CQIs to calculate in our opinion. Anyway, we can limit the proposal to S-DCI
MTRP and discuss M-DCI case later.
7 NTT DO- | We also support to limit the proposal to S-DCI MTRP. M-DCI case should be
COMO discussed after WA is confirmed.
INC.
8 Ericsson- | [Ericsson] We are also fine to limit the proposal to S-DCI based M-TRP. Note
LG Co., | that the proposal says ’a reporting setting
LTD CSI-ReportConfig for NCJT”’, and this applies to S-DCI based M-TRP. For M-
DCI based M-TRP, some companies proposed using two reporting settings. So
let’s discuss the M-DCI mTRP case later.
9 LG Elec- | We also support to limit the proposal to S-DCI MTRP.
tronics
Inc.






Item| Com- Comments
pany

10 HUAWEI | [Mod] So far I don’t feel strong need to update. But if I am wrong, please be
TECH- free to comment.

NOLO- I don’t intent to link with specific reporting mechanism to DL PDSCH trans-

GIES Co. | mission, e.g. the working assumption to be discussed next meeting with two

Ltd. reportings can be used by any DL schemes, in this way or another, if gNB needs.
At least the title is limited to ” a reporting setting CSI-ReportConfig for
NCJT ” so that sub bullet is contrainted by that. For sure, there may need
more clarifications for above counting rules, for all kinds of combinations of
conditions, which will be subject to further discussion. What I can say here is
that this is just the beginning of related discussion.

11 China Mo- | Support the proposal and accept limiting this proposal to S-DCI based Multi-
bile Com. | TRP.

Corpora-
tion

12 Intel Cor- | We think that it is OK to limit the proposal to S-DCI MTRP at this stage since
poration for M
SAS -DCI CSI for NCJT may be represented as two CSI reports (or two CSI-

ReportConfig) and it will occupy 4 CPUs (2 CPU per CSI-ReportConfig) ac-
coprding to that agreement

13 Nokia Support the proposal and agree with FL assessment
Germany

14 HUAWEI | [Mod] Thanks for the support and discussion. Although I think the proposal
TECH- is ok, I would cautiously give more some time to check, in case that any further
NOLO- actions or changes are still required. So let us continue discussing until next
GIES Co. | GTW
Ltd.

15 Qual- We continue to think that the scope here should be limited to sDCI based
comm schemes. As also mentioned by many companies, we should not assume that
CDMA the same counting should be used by default for multi-DCI even if we later
Technolo- | adopt the single report setting method for multi-DCI.
gies In the case of multi-DCI, we simply have not had enough discussions. Compa-

nies should study multi-DCI further for the next meeting including the CPU /re-
source/port occupation impact.

16 | HUAWEI | [Mod] It seems that there is no further comment. Will the following one (which
TECH- is the same with above with slightly word update) is agreeable? If you prefer
NOLO- any changes, please be free to comment.

GIES Co. | Proposal 17: For CSI measurement associated to a reporting setting CSI-
Ltd. ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs

assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number
of active ports corresponding to both CMRs.

e If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT
measurement hypothesis and CMR for Single-TRP measurement hypothe-
sis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource

are counted X times for active resources and active ports.






Proposal 18: A 2-part CSI report is supported in Rel-17 for a CSI reporting
configuration associated with NCJT measurement hypothesis with following
clarifications:

-> Within CSI part 1

->->CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent
payload and zero padding (if needed). FFS further details

->->FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to
reduce CSI feedback overhead

->->FFS whether additional field is needed, at least for Option 2
-> Within CSI part 2:

->->FFS further compression/omission/Sharing for PMI reporting among Single-TRP
and NCJT hypotheses

[Mod] Minor change is suggested by Lenovo/MotM and Ericsson

Feedback Form 6: Proposal 18

Item| Com- Comments
pany
1 Futurewei | Support the proposal.

2 NTT DO- | Support
COMO
INC.

3 vivo Support
Mobile

Commu-
nication

Co.,

4 Guang- Support.
dong

OPPO
Mobile

Telecom.

5 Motorola | Support. Suggest a minor wording edit in last FFS for better readability
Mobility ->->FFS further compression/omission/Sharing fer of PMI report-
UK Ltd. ing among Single-TRP and NCJT hypotheses

6 MediaTek | Support
Inc.

7 Ericsson- Support
LG Co.,
LTD






Item| Com- Comments
pany
8 LG Elec- | Support
tronics
Inc.
9 HUAWEI | [Mod] A word is updated, as commented by Lenovo
TECH- Proposal 18: A 2-part CSI report is supported in Rel-17 for a CSI reporting
NOLO- configuration associated with NCJT measurement hypothesis with following
GIES Co. | clarifications:
Ltd.
e Within CSI part 1
— CRI, RI, WB CQI and SB CQI for the first CW are reported with
consistent payload and zero padding (if needed). FFS further details
— FFS whether RI can be shared between NCJT CSI and single-TRP
CSIs to reduce CSI feedback overhead
— FFS whether additional field is needed, at least for Option 2
e Within CSI part 2:
— FFS further compression/omission/Sharing of PMI among Single-
TRP and NCJT hypotheses
10 China Mo- | Support.
bile Com.
Corpora-
tion
11 Intel Cor- | OK
poration
SAS
12 Nokia Support
Germany
13 | HUAWEI | [Mod] Thanks for the support. It seems that everyone is fine so the feedback
TECH- form is locked.
NOLO-
GIES Co.
Ltd.
3 Proposals for studying further channel measurement for

NCJT

Proposal 12: For CSI measurement associated with a CSI-ReportConfig for NC-JT,
study following aspects:

->whether to support dynamic updating, e.q. by MAC-CE, for CMR pairs for NCJT
measurement hypotheses, or CMRs for Single-TRP measurement hypotheses, or TCI
states in periodic CMRs, or the number of single-TRP CSIs (i.e. X=0/1/2) in a

NCJT CSI report

->whether additional high layer signalling is needed to configure M (M Ks) CMRs

10





from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses

->In addition to CMRs configured for single-TRP measurement hypothesis, whether
support high layer signalling to enable/disable single-TRP measurement hypothesis
using CMRs configured within a CMR pair for NCJT measurement hypothesis

[Mod] Minor updates from Nokia/Ericsson for the third bullet

Proposal 13-1 Whether a NZP CSI-RS resource m can be referred by two CMR pairs
(m, a) and (m, b) configured for NCJT measurement hypotheses, study following
Alternatives and down-select one Alternative in RAN1 105e:

->Alt 1: It is feasible for FR1 but not for FR2.

->Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for
FR2.

Alt 1 (14): ZTE (1%), Intel, Docomo, LGE, Nokia/NSB, NEC, Samsung, vivo, CMCC, MediaTek,
HW, Hisi, Ericsson

Alt 2(7): Lenovo/MotM, Oppo, Futurewei, CATT, Apple

[Mod] Given limited time and diverse views, let us study firstly for above alternatives. If any
further comments/refinement is needed, please let me know.

Proposal 13-2: Whether a NZP CSI-RS resource can be referred by both a CMR pair
configured for NCJT measurement hypothesis and a CMR configured for Single-TRP
measurement hypothesis, study following Alternatives and down-select one Alternative
in RAN1 105e:

->Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UFE is expected to
have different NZP CSI-RS resources configured for all CMRs of Single-TRP and
NCJT measurement hypotheses respectively.

->Alt 3: It is feasible in both FR1 and FR2 but subject to UFE capability for FR2. If a
UF supports and the sharing is also enabled by gNB, two CMRs from a CMR pair
configured for a NCJT measurement hypothesis can be used for Single-TRP
measurement hypotheses, otherwise they cannot.

[Mod] It seems that it can be premature to make a compromise by supporting both Alt 2 and Alt 3.
Given the most companies of Alt 1 are ok with either Alt2 or Alt 3, let us focus on Alt 2 and Alt 3
for incoming meeting.

Alt 1 (5): MediaTek, Oppo, Vivo, Futurewei, CATT

Alt 2 (10): QC (cannot accept altl), ZTE, Intel, Docomo, LG, Nokia/NSB, NEC, Samsung, CMCC
(1st)

Alt 3 (11): QC, Lenovo/MotM, Oppo, Vivo, LG, CMCC(2nd), CATT, Apple, Futurewei, MediaTek

11





Feedback Form 7: Proposal 12, 13-1 and 13-2

Item| Com- Comments
pany

1 Nokia On P12, first bullet: should all the "or” be replaced by "and/or”?

Germany

2 NTT DO- | Support
COMO
INC.

3 ZTE Cor- | For proposal 13-11, we see majority view, maybe we can try to go for Alt 1 for
poration simplicity

4 ZTE Cor- | Sorry for confusion: For proposal 13-1, we see majority view, maybe we can try
poration to go for Alt 1 for simplicity

5 Guang- We expect a unified conclusion for 13-1 and 13-2, e.g.
dong It is feasible in both FR1 and FR2 but subject to UE capability for
OPPO FR2
Mobile
Telecom.

6 Motorola | Agree with OPPO
Mobility
UK Ltd.

7 HUAWEI | [Mod] Indeed, I understand that companies prefer to unify the discussion of
TECH- 13-1 and 13-2 to make spec relatively clearer. However, we may run out of time
NOLO- in RAN1 104bis. I strive to agree all proposals from section 2 firstly. Also I
GIES Co. | would prefer to leave some time to companies to investigate further so that we
Ltd. will decide 13-1 and 13-2 jointly in RAN1 105e. Let us see whether companies

may be able to update preferences later.

Minor update for P12 as Nokia has commented.

Proposal 12: For CSI measurement associated with a CSI-ReportConfig for
NC-JT, study following aspects:

e whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs
for NCJT measurement hypotheses, and/or CMRs for Single-TRP mea-
surement hypotheses, and/or TCI states in CMRs, or the number of
single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

o whether additional high layer signalling is needed to configure M (M Ks)
CMRs from the CSI-RS resource set for CMR for Single-TRP measure-
ment hypotheses

e In addition to CMRs configured for single-TRP measurement hypothesis,
whether support high layer signalling to enable/disable single-TRP mea-
surement hypothesis using CMR configured within CMR pairs for NCJT
measurement hypothesis

8 China Mo- | Support.
bile Com. | We can study further and decide these in RAN1 105-e.

Corpora-
tion

12






Item| Com- Comments
pany
9 Nokia In P12, there one missing "and/or” instead of “or” at the end of first bullet
Germany | Support all 3 proposals
10 HUAWEI | [Mod] Thanks for the support. Also correct one missing ”"and/or”. Sorry for
TECH- that.
NOLO- It seems that everyone is fine so the feedback form is locked.
GIES Co.
Ltd.
11 HUAWEI | [Mod] The feedback form is unlocked.
TECH- Based on QC comment, P12 is updated as following;:
NOLO- Proposal 12: For CSI measurement associated with a CSI-ReportConfig for
GIES Co. | NC-JT, study following aspects:
Ltd.

e whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs
for NCJT measurement hypotheses, and/or CMRs for Single-TRP mea-
surement hypotheses, and/or TCI states in CMRs, and/or the number of
single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

o whether additional high layer signalling is needed to configure M (M Ks)
CMRs from the CSI-RS resource set for CMR for Single-TRP measure-
ment hypotheses

o In-additiente For CMRs configured in the CSI-RS resource set for-sin-
gle-TRP -measurement—hypothesis, whether support high layer signalling
to enable/disable single-TRP measurement hypothesis using CMR, con-
figured within CMR pairs for NCJT measurement hypothesis

12 ZTE Cor- | The update from QC is clearer. We are fine with it
poration

13 HUAWEI | [Mod] It seems that QC comments are fine now, for Proposal 12. Please check
TECH- following. If any further comment, please be free to suggest.
NOLO- Proposal 12: For CSI measurement associated with a CSI-ReportConfig for
GIES Co. | NC-JT, study following aspects:
Ltd.

e whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs
for NCJT measurement hypotheses, and/or CMRs for Single-TRP mea-
surement hypotheses, and/or TCI states in CMRs, and/or the number of
single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

o whether additional high layer signalling is needed to configure M (M Ks)
CMRs from the CSI-RS resource set for CMR for Single-TRP measure-
ment hypotheses

e For CMRs configured in the CSI-RS resource set, whether support high
layer signalling to enable/disable single-TRP measurement hypothesis us-
ing CMR configured within CMR pairs for NCJT measurement hypothesis
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4 Proposals for studying further interference

measurement for NCJT
Proposal 14-1: Whether a CSI-IM can be referred by both NCJT and Single-TRP
measurement hypotheses, study following Alternatives and FR1/FR2 differentiation in
RAN1 105e:

->Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement
hypotheses.

-S>Alt 2: A CSI-IM resource is configured to be associated with either a CMR for
Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis

->FR1 and FR2 differentiation

Alt 1 (8): Futurewei, Intel(FR1), Lenovo/MotM(if NZP-IM is supported), CATT, Ericsson, vivo,
Oppo

Alt 2 (12): Apple, Intel(FR2), QC, CMCC, Docomo, MTK, Samsung, Interdigital, NEC,
Nokia/NSB, LG

[Mod] It seems that there is no further comment to study further.

Proposal 14-3: Whether to support interference measurement based on NZP CSI-RS
outside the CMR pair configured for NCJT measurement hypothesis, in addition to
CSI-IM, study following Alternatives and down-select one Alternative in RAN1 105e:

->Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2
CMR resources

->Alt 2: No, it is not supported

Alt 1: Lenovo/MotM, Fraunhofer IIS, Fraunhofer HHI, Futurewei, Samsung, InterDigital, ZTE,
CMCC, DCM

Alt 2: QC, Intel, Apple, MediaTek, Oppo, Vivo, Nokia/NSB, NEC, LG, Ericsson

[Mod] Given limited time and diverse views, let us study firstly. If any further
comments/refinement is needed, please let me know.
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Feedback Form 8: Proposal 14-1 and 14-3

Item| Com- Comments
pany

1 Qual- For Proposal 14-1, isn’t Alt2 already the assumption for the purpose of Proposal
comm 14-2 (QCL-TypeD)? In that case, Altl is an additional option on top of Alt2.
CDMA Is this correct understanding?

Technolo- | For Proposal 14-3, Alt2 is already the behavior in the spec. So, maybe further
gies study should be whether to change that assumption.

2 NTT DO- | In Proposal 14-1, for Alt.1, based on "Proposal 14-2: The UE may assume
COMO that QCL-Type D of CMRs associated with a NCJT measurement
INC. hypothesis are applied to the corresponding CSI-IM resource. ’, does

it mean UE should assume 3 different QCL-D for the CSI-IM? In Proposal 14-3,
in Alt.1, please clarify following: for N=1 and Ks=2, if X=1/2 is configured,
whether support to configure NZP CSI-RS based interference measurement for
single-TRP measurement?

3 Guang- On proposal 14-1, we don’t think Alt2 is the default assumption of proposal
dong 14-2. If CMR can be shared by S-TRP and NC-JT measurement hypothesis
OPPO (which is FFS on proposal 13-2), CSI-IM can also be shared without additional
Mobile QCL assumption. The decsion should be made after proposal 13-1/13-2.
Telecom. On proposal 14-3, we think the proposal only applies to NC-JT measurement

hypothesis. For S-TRP measurement hypothesis, no additional restriction to
Rel-15/16 is needed.

4 HUAWEI | [Mod] Here is my understanding, but if I am wrong, please be free to correct
TECH- and suggest how to improve. The discussion of interference measurement is
NOLO- never an easy task as my experience.

GIES Co.

Ltd. e P14-1: as Oppo comment, it has more or less relationship with 13-1/13-
2 which will come back next meeting. Also as QC/DC has asked, QCL
relationship assumption over CSI-IM for both FR1 and FR2 will be some-
what different in Alt 1 and Alt 2. Therefore please have a look and we
will come back next meeting as well.

e P14-3: Alt 2 in my view is by default based on current spec but I just
list it as an Alternative. The limitation includes ”e.g.” based on Oppo
explanation. Of cause I am not sure whether other examples are needed,
but it is the starting point, up to now.

5 HUAWEI | [Mod] Thanks for the support and discussion. Although I think the proposal is
TECH- ok, I would cautiously give more time to check, in case that any further actions
NOLO- or changes are still required. So let us continue discussing until next GTW
GIES Co.

Ltd.
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Item| Com- Comments
pany
6 HUAWEI | [Mod] It seems that there is no further comment, up to now. Please check
TECH- following. If any further comments or suggestion, please be free to suggest. I
NOLO- remove "105e” in P14-1 since the down-selection seems to be less clear.

GIES Co. | Proposal 14-1: Whether a CSI-IM can be referred by both NCJT and Single-
Ltd. TRP measurement hypotheses, study following Alternatives and FR1/FR2 dif-
ferentiation in-RANI105¢:

e Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement
hypotheses.

e Alt 2: A CSI-IM resource is configured to be associated with either a
CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT
measurement hypothesis

¢ FR1 and FR2 differentiation

Proposal 14-3: Whether to support interference measurement based on NZP
CSI-RS outside the CMR pair configured for NCJT measurement hypothesis,
in addition to CSI-IM, study following Alternatives and down-select one Alter-
native in RAN1 105e:

e Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair
and Ks=2 CMR resources

e Alt 2: No, it is not supported

5 Proposals for studying general priority/omission rules
for NCJT

Proposal 19: For the UE configured to report X CSIs (at least when X>0) associated
with single-TRP measurement hypotheses and one CSI associated with NCJT
measurement hypothesis, study following issues for potential CSI

omission/priority /updating rules:

->Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI
report, when the UFE is configured with CSI Option 1 with X=1 or 2.

->Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI
or RI or CQI in CSI part 1.

[Mod] minor updates according to Ericsson and Nokia’s comments.

Feedback Form 9: Proposal 19

Item| Com- Comments
pany
1 Futurewei | Support the proposal.
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Item| Com- Comments
pany

2 NTT DO- | Support
COMO
INC.

3 Guang- Support
dong
OPPO
Mobile
Telecom.

4 Motorola Support
Mobility
UK Ltd.

5 vivo On ”TCI states in periodic CMRs” in proposal 12, we noticed that Eric-
Mobile sson’s comment on A-CSI-RS that it is possible to update the T'CI states via
Commu- the current framework (i.e., configuring different Trigger states and dynami-
nication cally indicating a trigger state). However, it may be a tough job for network to
Co., configure triggering states of all possible combinations of TCI states of CMRs

belonging to two TRPs in advance, though the network can dynamically trigger
the triggering states.

So we think it’s safe to relax to all kinds of CSI-RS for further study and remove
"periodic” to the original version:

?TCI states in pertodie-CMRs”

6 China Mo- | Support.
bile Com.
Corpora-
tion

7 Intel Cor- | Support
poration
SAS

8 Nokia Support
Germany

9 HUAWEI | [Mod] Thanks for the support. It seems that everyone is fine so the feedback
TECH- form is locked.

NOLO- @Vivo: "Periodic” has been removed in #7 in P12.
GIES Co.
Ltd.

6 Conclusions
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Introduction

2

Proposals for NCJT Measurements

Revised Proposal 11: With regarding to for possible restriction between K; and K »,
down select from following Alternatives for K; and K,

->SAlt 1: K]ZKQZKS/Q

->Alt 2: No restriction as long as K;+K»=K

Alt 1: QC, DOCOMO, vivo, Nokia/NSB, Spreadtrum

Alt 2: Lenovo/MotM, Intel, MediaTek, Ericsson, LG, Futurewei, NEC, Samsung

[Mod] Preferences are too close. Let us discuss this further by NWM. If no sufficient technical
debate, I will recommend the majority, e.g. Alt 2.

Feedback Form 1: Proposal 11

Item

Com-
pany

Comments

Guang-
dong
OPPO
Mobile

Telecom.

Support Alt 1.

Nokia
Germany

Support Alt 1.

Alt 2 is not needed because the indication of M<=Ks active CMR resources
for S-TRP measurement hypotheses (Proposal 12) already allows to activate a
different number of resources for the two CMR groups.

Spread-
trum
Communi-
cations

We have no strong preference. Slightly prefer Alt.1 for its simplicity .

vivo
Mobile
Commu-
nication

Co.,

Support Alt 1 for its simplicity.

China Mo-
bile Com.
Corpora-
tion

Prefer Alt 2.

ZTE Cor-
poration

Support Alt2






Item| Com- Comments
pany
7 HUAWEI | [Mod] Thanks for input. What I mainly concern is that all solutions works but
TECH- with different RAN2 impact, potentially. Please consider the latest agreement
NOLO- of Kmax=8 and Nmax=2 which gives rise to a certain restriction is still needed.
GIES Co. | More input are welcome.
Ltd.
8 CATT Support Alt.2.
9 Apple Alt 1
GmbH
10 Qual- Support Altl. We are not sure about the use case of Alt2
comm
CDMA
Technolo-
gies
11 Motorola | Support Alt 2
Mobility
UK Ltd.
12 Futurewei | Support Alt 2.
13 Samsung Support Alt2.
Electron-
ics  Co.,
Ltd
14 MediaTek | Support Alt. 2 to avoid configuring redundant CMRs merely to satisfy K1 =
Inc. K2.
15 NTT DO- | Support Alt.1
COMO
INC.
16 LG Elec- | support Alt2. CMR pair for NCJT CSI can be configured by RRC, so it seems
tronics that there is no need to support additional restriction.
Inc.
17 | Ericsson- | [Ericsson] fine to go with Alt 2
LG Co.,
LTD
18 HUAWEI | [Mod] Unfortunately I do not see more technical analysis.
TECH- Given that there is a clear majority for Alt 2, unless there is strong objection,
NOLO- it may be wise that we save effort of discussion for this small issue by going to
GIES Co. | Alt2. As LG comment, indeed there may have RRC signaling to configure CMR
Ltd. pairs so that saving RRC signaling may not be the main interest for RAN1.
[Alt 1:7 companies]: QC, DCM, VIVO, Nokia, Spreadtrum, OPPO, Apple
[Alt 2: 12 companies| Lenovo/MotM, Intel, MTK, Ericsson, LG, Futurewei,
NEC, Samsung, CMCC, ZTE, CATT
Of cause, proponents for Alt 1 can still argue that Alt 2 has no use case. From
my perspective, I just need a decision for this small issue. let us discuss more
and strongly encourage companies to be more flexible.
19 Intel Cor- | Fine with Alt 2
poration
SAS






Revised Proposal 12: For CSI measurement associated with a CSI-ReportConfig for
NC-JT, study following aspects:

->whether to support dynamic updating of CMR pairs for NCJT measurement
hypotheses, e.g. by MAC-CFE

->whether additional high layer signalling is needed to configure M (M <= K;) CMRs
from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses

[Mod] It is revised by following Ericsson suggestion. Let us stabilize wording and study above FFS.

Feedback Form 2: Proposal 12

Item| Com- Comments
pany
1 Nokia Support the revised proposal.

Germany | On the merit we support RRC and MAC-CE update of both NCJT pairs and
parameter M because it allows the network to adjust the number and types
of measurement hypotheses based, for example, on CPUs occupied by other
scheduled CSI reports to avoid CPU overbooking, and/or a priori knowledge of
channel conditions (which makes certain measurement hypotheses unlikely to
be selected).

We also suggest, if possible, to add a third aspect:
-> whether to support dynamic updating of X=0,1,2, number of reported S-
TRP CSIs
We think this is also needed for the network to adjust the number of types of
CSIs in the report based on the PUSCH/PUCCH resource availability to avoid
as much as possible the need for omissions

2 China Mo- | Support.

bile Com. | We are open to discuss these enhancements for more flexible CMR configuration.

Corpora-

tion

3 vivo To reduce frequent higher layer reconfiguration of CMR, pairs for NCJT, flexible

Mobile CMR update is desired. We’d like to add more in bullet 1:

Commu- ->whether to support dynamic updating of CMR pairs for NCJT

nication measurement hypotheses and CMRs for Single-TRP measurement

Co., hypotheses, and dynamic updating of TCI states in CMRs, e.g. by
MAC-CE

4 ZTE Cor- | We are fine with the proposal especially on additional RRC signaling to config-
poration ure M CMRs for STRP. Study is OK.
However, in our view, MACCE is unncessary. First, it cannot be used for
periodic CSI-RS. Further, for aperiodic CSI-RS, the current CSI-RS framework
is flexible enough, multiple CSI setting can be configured, and DCI can be used
to choose one. So MACCE is unncessary






Item| Com- Comments
pany

5 HUAWEI | [Mod] As it is for further study, i tends to be open but at least we shall be
TECH- clear about what each FFS really means for further discussion. Based on inputs
NOLO- so far, here is further revision:

GIES Co. | Revised Proposal 12: For CSI measurement assoctated with a CSI-
Ltd. ReportConfig for NC-JT, study following aspects:

o whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs
for NCJT measurement hypotheses, or CMRs for Single-TRP measure-
ment hypotheses, or TCI states in CMRs, or the number of single-TRP
CSIs (i.e. X=0/1/2) in a NCJT CSI report

o whether additional high layer signalling is needed to configure M (M Ks)
CMRs from the CSI-RS resource set for CMR for Single-TRP measure-
ment hypotheses

6 CATT support the revised proposal 12.

7 Apple We are open to study. But we do not support dynamic change of the CSI-
GmbH ReportConfig.

8 Qual- Ok to further study. At least for the second bullet, we think it is needed so
comm that network can manage CPU occupation as well as for CMR reusing in FR2.
CDMA One way is define M as it is mentioned above. Another way is to simply have
Technolo- | a flag that can enable/disable sSTRP hypotheses whose CMRs are used in a
gies pair. We can list both Options. We can be fine with both Options, but the flag

option may address some companies’ concerns about additional signaling and
spec impact.

9 Motorola We are OK with the second bullet but not the first bullet regarding CMR
Mobility configuration, but we have concerns regarding dynamic CSI configuration in
UK Ltd. the first bullet, as pointed out by ZTE

10 Futurewei | We support the revised Proposal 12.

11 NTT DO- | We are fine with the 2nd bullet but have some concerns on the first bullet, on
COMO which we share simiar view with ZTE. For progress, we can accept it for further
INC. study.

12 MediaTek | Support the revised Proposal 12.

Inc.

13 Guang- We are fine with the updated proposal. We share the same view as ZTE for the
dong first bullet.
OPPO
Mobile
Telecom.

14 LG Elec- | we are ok to further study.
tronics
Inc.






Item| Com- Comments
pany
15 Ericsson- [Ericsson] Support revised proposal
LG Co.,
LTD
16 HUAWEI | [Mod] It seems to be fine. QC has proposed another method which can be
TECH- considered by group as well so that the third bullet is added.
NOLO- Revised Proposal 12: For CSI measurement associated with a CSI-
GIES Co. | ReportConfig for NC-JT, study following aspects:
Ltd.

o whether to support dynamic updating, e.g. by MAC-CE, for CMR pairs
for NCJT measurement hypotheses, or CMRs for Single-TRP measure-
ment hypotheses, or TCI states in CMRs, or the number of single-TRP
CSIs (i.e. X=0/1/2) in a NCJT CSI report

o whether additional high layer signalling is needed to configure M (M Ks)
CMRs from the CSI-RS resource set for CMR for Single-TRP measure-
ment hypotheses

o Whether support high layer signalling to enable/disable CMR
configured within CMR pairs for Single-TRP measurement hy-
potheses

17 Intel Cor- | Revised proposal is OK for us, we are fine to study further the corresponding
poration aspects
SAS

18 Ericsson- [Ericsson] we have a clarification question on the last bullet added. What
LG Co., | does ?CMR pairs” in the last sub-bullet stand for? Note that for Single-TRP
LTD hypotheses we signal M CMRs and these are not pairs. Does the "CMR pairs”

in the last sub-bullet refer to NC-JT CMR pairs?

And a second question regarding "updating TCI states in CMRs”. This is
already possible if the CMRs are semi-persistent. If the CMRs are aperiodic
CSI-RSs, the it is possible to update the TCI states via the current framework
(i.e., configuring different Trigger states and dynamically indicating a trigger
state). So does "updating TCI states in CMRs” refer to only periodic CSI-RSs?
And for the proposal of using RRC for configuring M (M Ks) CMRs from
CSI-RS resource set, it seems we’ll configure both the Ks CMRs in the CSI-RS
resource set and M CMRs via RRC signaling. Are the M CMRs inside the
CSI report configuration? If this is the case, what is the additional benefit
over simply releasing a CSI report config in csi- ReportConfigToReleaseList and
adding a new one in csi-ReportConfigToAddModList. Seems if this is purely,
RRC based, then we can reuse existing framework instead of adding M CMRs
via RRC. But we can study this further until next meeting.






Item| Com- Comments
pany
19 Nokia Ok with proposal
Germany on second bullet we could list the options proposed so far, by adding

ey €.8.
0 Alt  1: parameter M, indicating that the first
7ceil(M/2)” CMRs from the first group and the first
”floor(M/2)” CMRs from the second group are active for STRP
measurement

o} Alt 2: a bitmap of size Ks indicating the active CMR resources
for STRP measurement

@QC: similar clarification question as Ericsson, i.e. in last bullet is there an
assumption that only the CMRs in the NCJT pairs can be activated /deactivated
for STRP measurement?

Revised Proposal 13-1: Whether a NZP CSI-RS resource m can be referred by two
CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses:

->Alt 1: It is feasible for FR1 but not for FR2.

->Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for

FR2.

->Alt 3: CMR a and CMR b should be QCLed in terms of QCL-TypeD

Alt 1: ZTE, Intel, Docomo, LGE, Nokia/NSB, NEC, Samsung

Alt 2: QC, Lenovo, MotM, MediaTek, Oppo, Futurewei,

Alt 3: ZTE, Nokia/NSB

[Mod] Preferences are too close. It is revised slightly based on ZTE comments. Let us discuss this
further by NWM. If no sufficient technical debate, I will recommend the majority , e.g. Alt 1.

Feedback Form 3: Proposal 13-1

Item| Com- Comments
pany
1 vivo We are fine with Alt 1.
Mobile
Commu-
nication
Co.,
2 ZTE Cor- | Alt 1 is our first preference. Alt 3 is our second preference. We don’t think Alt
poration 2 is reasonalbe in Rel-17 since it needs 3 active UE panels to receive CMR m,
a, b simultaneously.






Item| Com- Comments
pany

3 China Mo- | Prefer Alt 1.
bile Com. | For Alt 2, the UE capability for FR2 might be 3 active UE panels, which may
Corpora- be hard to implement for now.
tion

4 CATT Alt 2 is preferred.

5 Apple Alt 2
GmbH

6 Qual- Alt 1 and 2 are both fine with us (in the previous round of discussions, I misread
comm Altl).

CDMA
Technolo-
gies

7 Motorola | Prefer Alt 2. Issue regarding CSI-RS reuse is tied to FR2 under simultaneous
Mobility panel reception. Not clear whether limitations need to be imposed otherwise
UK Ltd.

8 Futurewei | We prefer Alt. 2.

9 NTT DO- | Prefer Alt.1
COMO
INC.

10 MediaTek | We change our position to Alt. 1.

Inc.

11 Guang- We support Alt2. We don’t think three panels are needed to support CMR
dong resuing between different measurement hypotheses in FR2.
OPPO
Mobile
Telecom.

12 LG Elec- | support Altl
tronics
Inc.

13 HUAWEI | [Mod] Let us focus Alts 1 and 2. Can we go to Alt 1 considering slight
TECH- majority, at least being simpler in Proposal 13-1 considering Proposal 13-2 will
NOLO- bring extra complexity?

GIES Co. | Alt 1 (12): ZTE (1st), Intel, Docomo, LGE, Nokia/NSB, NEC, Samsung, vivo,
Ltd. CMCC, MediaTek, HW, Hisi
Alt 2 (6): Lenovo/MotM, Oppo, Futurewei, CATT, Apple

14 Ericsson- [Ericsson] Slightly prefer Alt 1 for simplicity
LG Co.,

LTD

Proposal 13-2: Whether a NZP CSI-RS resource can be referred by both a CMR pair
configured for NCJT measurement hypothesis and a CMR configured for Single-TRP
measurement hypothesis:

->Alt 1: It is feasible for both FR1 and FR2.

Two CMRs from a CMR pair

configured for a NCJT measurement hypothesis can be used for Single-TRP
measurement hypotheses.






->Alt 2: It is feasible for FR1 but it is not for FR2. For FR2, the UE is expected to
have different NZP CSI-RS resources configured for all CMRs of Single-TRP and
NCJT measurement hypotheses respectively.

->Alt 3: It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a
UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair
configured for a NCJT measurement hypothesis can be used for Single-TRP
measurement hypotheses, otherwise they cannot.

Alt 1: MediaTek, Oppo, Vivo, Futurewei,
Alt 2: QC, ZTE, Intel, Docomo, LG, Nokia/NSB, NEC, Samsung
Alt 3: QC, Lenovo, MotM, Oppo, Vivo, LG

[Mod] Preferences are too close. Let us discuss this further by NWM. If no sufficient technical
debate, I will recommend the majority , e.g. Alt 2.

Feedback Form 4: Proposal 13-2

Item| Com- Comments
pany

1 vivo We support Altl or Alt3. Alt2 forbids the use of NCJT’s CMR for STRP
Mobile measurement, which is too strict. Besides, on whether the CMRs for NCJT
Commu- hypothesis measurement in 2 CMR groups can be used for STRP measurements
nication for the FR2, we have done some simulations in R1-2102512, showing that there
Co., is little performance difference when UE has two panels with 90 and 180 degrees

between each other.

2 ZTE Cor- | Still support Alt 2 for clearity. Usually, the receive beam operations for STRP
poration and MTRP are different, it is better to use separate CMRs in FR2 for accuracy
CSI measurement

3 China Mo- | Alt 2 is our first preference. Alt 3 is our second preference.
bile Com.
Corpora-
tion

4 CATT support Alt 1 or 3.

5 Apple Alt 3
GmbH

6 Qual- Support Alt 2 or 3. We cannot accept Altl.
comm
CDMA
Technolo-
gies

7 Motorola | Support Alt 3
Mobility
UK Ltd.

8 Futurewei | We support Alt. 1 or 3.






Item| Com- Comments
pany

9 NTT DO- | Prefer Alt.2
COMO
INC.

10 Guang- Support Altl or Alt3. We don’t find issues on CMR resuing between different
dong hypothesis.

OPPO
Mobile
Telecom.

11 LG Elec- | We prefer Alt.2/Alt.3. When either Alt2 or Alt3 is supported, a UE can receive

tronics CMRs based on its implementation.
Inc.

12 MediaTek | We support Alt. 3, in addition to Alt. 1.
Inc.

13 HUAWEI | [Mod] Given that companies preference are almost equal for Proposal 13-2,
TECH- only compromise that I can think of is to support both Alt2 and Alt3 by using
NOLO- UE capability to switch different modes, since Atl3 may fallback to Alt 2 as far
GIES Co. | as I can understand. Here is revised proposal.

Ltd. Revised Proposal 13-2: A NZP CSI-RS resource can be referred by both a
CMR pair configured for NCJT measurement hypothesis and a CMR configured
for Single-TRP measurement hypothesis in both FR1 and FR2 but subject to
UE capability for FR2.

e If a UE supports in FR2 and the sharing is also enabled by gNB, two
CMRs from a CMR pair configured for a NCJT measurement hypothe-
sis can be used for Single-TRP measurement hypotheses, otherwise they
cannot.

o Ifa UE does not support in FR2 or the sharing is not enabled by gNB, the
UE is expected to have different NZP CSI-RS resources configured for all
CMRs of Single-TRP and NCJT measurement hypotheses respectively.

14 HUAWEI | [Mod] Company views for Proposal 13-2 are summarized as following:

TECH- Alt 1 (5): MediaTek, Oppo, Vivo, Futurewei, CATT

NOLO- Alt 2 (10): QC (cannot accept altl), ZTE, Intel, Docomo, LG, Nokia/NSB,

GIES Co. | NEC, Samsung, CMCC (1st)

Ltd. Alt 3 (11): QC, Lenovo/MotM, Oppo, Vivo, LG, CMCC(2nd), CATT, Apple,
Futurewei, MediaTek

15 Intel Cor- | First preference is Alt2, second preference is Alt3
poration
SAS

16 NTT DO- | We’d like to understand the main technical reasons to have different solutions
COMO for Proposal 13-1 and 13-2. We think consistent mechanism can be applied to
INC. those two issues.






Item

Com-
pany

Comments

17

Ericsson-

LG Co.,

LTD

[Ericsson] We have some concerns with the revised proposal. With this proposal
if the gNB configures 2 CMRs (Ks = 2) in FR2, both the CMRs are configured
for NC-JT, and the UE doesn’t support the FR2 capability, then does it mean
that the UE can only report NC-JT CSI and cannot report single-TRP CSI?
What would be the consequence of gNB still configuring shared CMRs for both
Single-TRP and NC-JT measurement hypothesis even when the UE doesn’t
support the FR2 capability? Would it be some conservative CSI that is reported
for single-TRP? We think the UE can still report a conservative single TRP CSI
by using one panel per TRP, and we think it is still better to have a conservative
single-TRP CSI rather than having no single TRP CSI.

Further Revised Proposal 13-2: A NZP CSI-RS resource can be referred
by both a CMR pair configured for NCJT measurement hypothesis and a CMR
configured for Single-TRP measurement hypothesis in both FR1 and FR2 but
subject to UE capability for FR2.

e If a UE supports in FR2 and the sharing is also enabled by gNB, two
CMRs from a CMR pair configured for a NCJT measurement hypothesis
can be used for Single-TRP measurement hypothesess—etherwise-they
eannet.

e If a UE does not support in FR2 or the sharing is not enabled by gNB, the
UE is expected to have different NZP CSI-RS resources configured for all
CMRs of Single-TRP and NCJT measurement hypotheses respectively.

e If a UE does not support in FR2 and the sharing is still enabled
by gNB, two CMRs from a CMR pair configured for a NCJT
measurement hypothesis can be used for Single-TRP measure-
ment hypotheses.

18

Nokia
Germany

Ok with the revised proposal, although we feel the wording of the bullet points
can be improved for clarity, for example as follows:

o If a UE supports in FR2 and-the-sharingis—alse—enabled-byeNB;
two CMRs—frem a CMR pair configured for a NCJT measurement

hypothesis can also be configured used for Single-TRP measurement
hypotheses, otherwise they it cannot.

e If a UE does not support in FR2 er-the-sharing-is—neot-enabled-by
gNB, the UE is expected to have different NZP CSI-RS resources config-

ured for all-EMRs-ef-Single-TRP and NCJT measurement hypotheses
respeetively.

Revised Proposal 14-1: Whether a CSI-IM can be referred by both NCJT and
Single-TRP measurement hypotheses:

->Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement
hypotheses.

-S> Alt 2: A CSI-IM resource is configured to be associated with either a CMR for
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Single-TRP measurement hypothesis or a CMR pair for NCJT measurement
hypothesis

Alt 1: Futurewei, Intel(FR1), Lenovo/MotM, CATT, Ericsson, vivo

Alt 2: Apple, Intel(FR2), QC, Oppo, CMCC, Docomo, MTK, Samsung, Interditial, NEC,
Nokia/NSB, LG

[Mod] Preferences are too close. Let us discuss this further by NWM. If no sufficient technical
debate, I will recommend the majority , e.g. Alt 2.

Feedback Form 5: Proposal 14-1

Item| Com- Comments
pany

1 vivo Support Alt 1 to reduce the CSI-IM resource overhead.

Mobile
Commu-
nication
Co.,

2 CATT support Alt 1.

3 China Mo- | Support Alt 2.
bile Com.

Corpora-
tion

4 Apple Alt 2
GmbH

5 Motorola In our view this proposal is dependent on the outcome of Proposal 14-3. Our
Mobility preference is Alt 1 if interference measurement based on NZP CSI-RS for NCJT
UK Ltd. measurement hypothesis is supported

6 Futurewei | We support Alt. 1.

7 NTT DO- | Still Alt.2
COMO
INC.

8 MediaTek | Support Alt. 2.

Inc.

9 Guang- As commented before, it should be clarified firstly how to measure interference
dong for NC-JT in one CSI-IM in FR2. Will the UE measure interference via different
OPPO beams simultaneously and combine the measurement results together, or the
Mobile interference is only based on one of the beams for CMRs? In our opinion, both
Telecom. methods are not perfect and possibly similar in performance.

In this case, Alt 1 is preferred considering UE complexity and resource overhead.

10 LG Elec- | support Alt2. Interfering TRPs may vary depending on whether it is NCJT or
tronics STRP, so Alt2 may provide better interference measurement.

Inc.
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Item| Com- Comments
pany
11 Ericsson- [Ericsson]| Alt 1.
LG Co.,
LTD
12 HUAWEI | [Mod] I don’t see a clear majority of view. Similar above CMR discussion, FR1
TECH- and FR2 may have different mechanism. Moreover the interference measure-
NOLO- ment mechanism seems to be more complicated than Rel-16 SINR, depending
GIES Co. | on companies view how to determine the best Rx beams and PMIs over IMR.
Ltd. Alt 1 (8): Futurewei, Intel(FR1), Lenovo/MotM(if NZP-IM is supported),
CATT, Ericsson, vivo, Oppo
Alt 2 (12): Apple, Intel(FR2), QC, CMCC, Docomo, MTK, Samsung, Interdig-
ital, NEC, Nokia/NSB, LG
From FL perspective, what I only suggest is to have next round technical dis-
cussion or simulations, e.g. as Vivo has provided, to check performance impact
and also balance spec complexity. Here are revised proposal at high level:
Revised Proposal 14-1: Whether a CSI-IM can be referred by both NCJT
and Single-TRP measurement hypotheses, study following Alternatives:
o Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement
hypotheses.
o Alt 2: A CSI-IM resource is configured to be associated with either a
CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT
measurement hypothesis
e FR1 and FR2 differentiation
13 Ericsson- [Ericsson] We support Moderator proposal to further study the two Alterna-
LG Co., | tives.
LTD
14 Nokia Support the revised proposal
Germany

Proposal 14-2: The UE may assume that QCL-Type D of CMRs associated with a
NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

[Mod] It seems to be the majority of view. @QOppo@InterDigital: My understanding for
proponents is that the UE will assume two Type D to measure interference based CSI-IM due to
NCJT PDSCH reception applied to interference as well.

Feedback Form 6: Proposal 14-2

Item

Com-
pany

Comments

vivo
Mobile
Commu-
nication

Co.,

Support.
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Item| Com- Comments
pany

2 CATT support

3 China Mo- | Support.
bile Com.

Corpora-
tion

4 Apple Need further discussion, What is CSI-IM is configured for a pair of CMRs?
GmbH

5 Motorola We believe a decision on the proposals should be made based on the following
Mobility order: Proposal 14-3 —> 14-1 —>14-2
UK Ltd.

6 Futurewei | Support.

7 NTT DO- | Support
COMO
INC.

8 MediaTek | Support
Inc.

9 LG Elec- | support.
tronics
Inc.

10 Ericsson- [Ericsson] This proposal assumes there will be one CSI-IM resource per NC-JT
LG Co., | measurement hypothesis. We should first discuss if that is the case and then
LTD discuss this proposal. If CMRs of NC-JT hypothesis are not used for s-TRP

hypothesis, then there is no need for introducing an additional IMR, and the
ones corresponding to a CMR pair can be used for NC-JT hypothesis. So we
have concerns with agreeing to this before other details are settled.

11 HUAWEI | [Mod] @Ericsson there is no company to propose to have more than one CSI-
TECH- IM resource per NCJT hypothesis, considering that more discussion prefer to
NOLO- save CSI-IM by sharing. On the other hand, it seems to be difficult to configure
GIES Co. | CMR pair only (without CSI-IM at all) for interference measurement as well,
Ltd. for example your preference of dropping sTRP CSI which at least shall be BC

in terms of mechanism.
@Lenovo: the order of discussion is less critical since the proposal is to mainly
address about QCL assumptions over a CSI-IM Resource.

12 Ericsson- [Ericsson] Considering the progress, we can accept the above proposal.

LG Co.,
LTD

Proposal 14-3: Whether to support interference measurement based on NZP CSI-RS
for NCJT measurement hypothesis, in addition to CSI-IM,

->Alt 1: Yes, it is supported

->Alt 2: No, it is not supported

Alt 1: Lenovo/MotM, Ericsson, Fraunhofer IIS, Fraunhofer HHI, Futurewei, Samsung, InterDigital
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Alt 2: QC, Intel, Apple, MediaTek, Oppo, Vivo, Nokia/NSB, NEC

[Mod] Preferences are too close. Preferred interference mechanism for NCJT are intertwined from
some companies’ view. Some prefer NZP than CSI-IM, and vise versa. We need to discuss Proposal
14-1/14-2/14-3 together. @ Spreadtrum: not sure what difference could be. But please be free to
propose text for clarification. Let us discuss this further by NWM. If no sufficient technical debate, 1

will recommend the majority thereafter, e.g. Alt 2.

Feedback Form 7: Proposal 14-3

Item| Com- Comments
pany

1 Spread- We would like to clarify the resource attribute of NZP CSI-RS here, which
trum is configured as CMR or IMR. In our understanding, if it is the former, the
Communi- | proposal is to discuss whether CMR NZP CSI-RS from one TRP could be
cations based for interference measurement for the TRP or another TRP. If it is the

latter, the proposal is to discuss whether NZP CSI-RS could be configured as
IMR per TRP.

2 Nokia Support Alt 2.

Germany | In our view, CSI-IM is needed to measure interference originating outside the
TRP pair(s) represented in the two CMR groups, so only one CSI-IM resource is
needed per measurement hypothesis, either S-TRP or NCJT. The interference
between the two TRPs in an NCJT measurement is measured through the
CMR resources in the two groups. NZP IMR may be used in case of an S-
TRP measurement under the assumption that a second TRP is transmitting
independently, but that is handled by a S-TRP CSI report.

3 vivo We agree with Spreadtrum to clarify the NZP-CSI-RS is used as CMR of the
Mobile other TRP for inter-TRP interference measurement for NCJT or used as IMR
Commu- to measure the outside interference of the cooperating TRPs.
nication
Co.,

4 ZTE Cor- | Support Alt 1. NZP IMR can be used when only one CMR pair is confiugred
poration if we follow Rel-15 design

5 HUAWEI | [Mod] @Spreadtrum@Vivo if you refer to NZP-CSI-RS from a CMR pair used
TECH- for NCJT, in order to determine inter-TRP interference, it can be a separated
NOLO- spec impact, i.e. by mandating UE how to determine two best PMIs to mitigate
GIES Co. | mutual TRP interference for higher CQI value. UE vendors may argue that it
Ltd. is up to UE implementation. More input are welcome.

6 China Mo- | Support Alt 1.
bile Com. | If following Rel-15, NZP-CS-IM can be configured for a CMR pair for NCJT
Corpora- hypotheses.
tion

7 CATT The assumption of Tx scheme for CQI calculation, i.e., CQI reference resource,

should be specified in spec. This is not a UE implementation issue. So, we still
think it’s necessary to clarify the usage of NZP CSI-RS.

8 Apple Alt 2
GmbH
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Item| Com- Comments
pany

9 Qual- Alt2 is the existing restriction in the spec. If consensus cannot be reached,
comm there is no need for discussions (the existing spec applies).
CDMA
Technolo-
gies

10 Motorola It seems that companies have different interpretations of the two alternatives. It
Mobility should be clarified whether this NZP CSI-RS is used for inter-layer interference
UK Ltd. for NCJT or for interference from other TRPs

11 Futurewei | We support Alt. 1.

12 NTT DO- | Slightly prefer Alt.1. We can add limitation on when NZP-CSI-RS can be
COMO configured for interference measurement for NCJT, e.g., when N=1 CMR pair
INC. is configured.

13 LG Elec- | we prefer Alt2. NZP IMR is usually used to find PMI for MU-MIMO scenario.
tronics However, only typel-SinglePanel codebook is supported for NCJT CSI currently,
Inc. so it would be difficult to find PMI for MU-MIMO case.

14 | HUAWEI | [Mod] Based on comments so far, it is revised as following:
TECH- Revised Proposal 14-3: Whether to support interference measurement based on
NOLO- NZP CSI-RS outside the CMR pair configured for NCJT measurement
GIES Co. | hypothesis, in addition to CSI-IM,
Ltd.

o Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair,
Ks=2 CMR resources and X=0
o Alt 2: No, it is not supported

15 Intel Cor- | Alt2
poration
SAS

16 Ericsson- [Ericsson] based on the clarification in latest moderator proposal (i.e., outside
LG Co., | the CMR pair configured), we are ok with Alt 2.
LTD

17 Motorola Appreciate the moderator’s clarification. I don’t think conditioning Alt1 with
Mobility X=0 is necessary though
UK Ltd.

18 Spread- Thanks for FL’s updating. For the updating proposal, we support Alt.2.
trum
Communi-
cations

3

Proposals for NCJT Reporting

Proposal 15-2: For the UE be configured to report one CSI associated with the best one
among NCJT and single-TRP measurement hypotheses (i.e. Option 2),

->Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid
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CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP
measurement hypotheses.

->->FFS further mapping mechanism between each CRI codepoint and
Single-TRP/NCJT measurement hypothesis.

->Alt 2: additional UCI field is needed on top of CRI reporting. The gNB is informed
that CRI reporting may correspond to either Single-TRP or NCJT measurement
hypothesis.

->Alt 3: reuse RI reporting implicitly, e.g. depending on the number of reported RIs.
The gNB is informed that CRI reporting may correspond to either Single-TRP or
NCJT measurement hypothesis.

Alt 1: QC, ZTE, Intel, Apple, Ericsson, Docomo, LG, Fraunhofer IIS, Fraunhofer HHI, Nokia/NSB,
Futurewei, Samsung, InterDigital

Alt 2: Vivo
Alt 3: Lenovo/MotM, MediaTek, Oppo, Docomo,

[Mod] Let us discuss this further by NWM. If no sufficient technical debate, I will recommend the
majority thereafter, e.g. Alt 1.

Feedback Form 8: Proposal 15-2

Item| Com- Comments
pany
1 Nokia Support Alt 1.

Germany | It’s the simplest and most efficient in terms of signalling overhead

2 vivo First of all, we need to have such proposal for Option 1 as well.
Mobile For both Option 1 and Option 2, we support Alt 2.
Commu- The reasoning is given as follows:
nication 1. We would like to reuse the CRI definition as Rel-15/16 without additional
Co., CRI definition.

2. Alt 1 and Alt 2 have almost same CRI bit size for Option 1 and Option 2 for
supported combinations, including (Ks=2, N=1), (Ks=4, N=1), (Ks=4, N=2),
(Ks=8, N=1), (Ks=8, N=2).

3. Alt 2 can carry additional information about the TRP quality which is
beneficial to flexible scheduling. Alt 1 cannot tell the TRP with better quality
if NCJT CSI is reported. While this can be achieved by Alt 2 in terms of
reporting a CRI of a better TRP for NCJT. For example, when X=0, Alt 2 can
help the network with the fall-back scheduling to STRP transmission from the
better TRP.
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Item| Com- Comments
pany
3 vivo 4. Alt 1 requires two definitions of CRI for Option 1 and Option 2, while Alt 2
Mobile is a unified scheme.
Commu-
nication
Co.,
4 ZTE Cor- | Still support Alt 1
poration
5 China Mo- | Support Alt 1 considering it’s the simplest way.
bile Com.
Corpora-
tion
6 CATT support Alt 1.
7 Apple Alt 1
GmbH
8 Qual- Support Altl. We do not follow the arguments from vivo. Maybe they have
comm Cat2 for multi-DCI case in mind? CRI needs to identify a hypothesis.
CDMA
Technolo-
gies
9 Futurewei | We support Alt. 1.
10 NTT DO- | Among Alt.1 and Alt.3, prefer Alt.1.
COMO
INC.
11 MediaTek | We are fine with Alt. 1.
Inc.
12 | HUAWEI | [Mod] Given the majority of views, Alt 1 is recommended.
TECH- Alt 1 (18): QC, ZTE, Intel, Apple, Ericsson, Docomo, LG, Fraunhofer IIS,
NOLO- Fraunhofer HHI, Nokia/NSB, Futurewei, Samsung, InterDigital, Docomo, Me-
GIES Co. | diaTek, HW, Hisi
Ltd. Alt 2 (1): Vivo

Alt 3 (3): Lenovo/MotM, Oppo,

Proposal 17: An NCJT CSI hypothesis is assuming to occupy two CPUs, two active
NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.

->If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement
hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource
and the CSI-RS ports within the CSI-RS resource are counted X times for active
resources and active ports.

Yes: QC, ZTE, Intel, Apple, Oppo, Ericsson, Docomo, Vivo, LG, Spreadtrum, Nokia/NSB,
Futurewei, NEC, Samsung, InterDigital

No: Lenono, MotM, MediaTek

[Mod] It seems to be the majority of views. Let us discuss this further by NWM.
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Feedback Form 9: Proposal 17

Item| Com- Comments
pany

1 vivo Support.

Mobile
Commu-
nication
Co.,

2 CATT support

3 China Mo- | Support.
bile Com.

Corpora-
tion

4 Apple Support in principle, we can make the wording clearer
GmbH An NCJT CSI hypothesis ”based on a pair of CMRs” is assuming to

occupy two CPUs, two active NZP CSI-RS resources, and a number
of active ports corresponding to both CMRs

5 Qual- Support in principle. Our understanding is that the context here is for single-
comm DCI case. Is that common understanding? If yes, we would like to make this
CDMA clear. There are multiple flavors for multi-DCI, and we think more study on
Technolo- | the CPU impact may be needed once we get to those discussions in the future
gies meetings.

6 Motorola Our concern here is the case in which the same resource is reused for two
Mobility hypotheses, e.g., reusing for NCJT hypothesis and single-TRP hypothesis. We
UK Ltd. prefer if this is discussed after Proposal 13

7 Futurewei | Support.

8 NTT DO- | Generally fine. But prefer to further refine the wording after Proposal 13.
COMO
INC.

9 HUAWEI | [Mod] Some revisions based on comments from QC and Apple. With regarding
TECH- to the discussion order, the counting rule of CPU or active resources will not
NOLO- be changed, regardless of sharing mechanism of CMRs in Proposal 13 (which
GIES Co. | mainly targets at saving RS or PMI determination), for the sake of UE imple-
Ltd. mentation. That is my understanding why UE vendors prefer 2 CPUs here.

Revised Proposal 17: For CSI measurement associated to a reporting

setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based
on a pair of CMRs is assuming to occupy two CPUs, two active NZP CSI-RS
resources, and a number of active ports corresponding to both CMRs.

e If a NZP CSI-RS resource is referred X times by CMR, pairs for NCJT
measurement hypothesis and CMR for Single-TRP measurement hypothe-
sis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource

are counted X times for active resources and active ports.
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Item| Com- Comments
pany
10 | Ericsson- | [Ericsson] Support
LG Co.,
LTD

11 Nokia Support the revised proposal
Germany
12 MediaTek | Support the revised proposal
Inc.
13 Spread- Support the revised proposal, it is more clear
trum
Communi-
cations

Revised Proposal 18: A 2-part CSI report is supported in Rel-17 for a CSI reporting
configuration associated with NCJT measurement hypothesis with following
clarifications:

->Within CSI part 1

->->CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent
payload and zero padding (if needed). FFS further details

->->[FFS whether RI/PMI can be shared between NCJT CSI and single-TRP CSIs to
reduce CSI feedback overhead.]

->->[FFS whether additional field is needed, at least for Option 2]
-> Within CSI part 2:

->FFS further compression/omission for PMI reporting among Single-TRP and NCJT
hypotheses

[Mod] Some revisions are based on comments so far. From FL perspective, I prefer to keep FFS for
both part 1 and part 2 in order to make proposal to be self-contained, at least for the sake of further
study. Therefore please discuss a little more to improve mutual understanding about what FFS
really means.

Feedback Form 10: Proposal 18

Item| Com- Comments
pany
1 vivo Support.
Mobile
Commu-
nication
Co.,

2 ZTE Cor- | OK

poration
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Item| Com- Comments
pany

3 China Mo- | Support.
bile Com.
Corpora-
tion

4 Apple No need to discuss in this meeting
GmbH

5 Qual- Ok, but do not understand the relevance of first FFS to this proposal. Why
comm PMI is even mentioned as part of CSI part 1 in the FFS? This issue can be
CDMA separately discussed if needed.
Technolo-
gies

6 Motorola Support. We are OK with keeping the first two FFS sub-bullets, we however
Mobility suggest they are moved after CSI Part 2 to address Qualcomm’s comments
UK Ltd. (since RI and PMI are CSI Part 1 and 2 fields respectively)

7 Futurewei | Support.

8 NTT DO- | OK. Still we donot think the 1st FFS is not needed. But we can accept it for
COMO progress.
INC.

9 Guang- Support
dong
OPPO
Mobile
Telecom.

10 HUAWEI | [Mod] clear up the bracket and also remove PMI from part 1 as QC has sug-
TECH- gested.
NOLO- Revised Proposal 18: A 2-part CSI report is supported in Rel-17 for a
GIES Co. | CSI reporting configuration associated with NCJT measurement hypothesis with
Ltd. following clarifications:

o Within CSI part 1

— CRI, RI, WB CQI and SB CQI for the first CW are reported with
consistent payload and zero padding (if needed). FFS further details

— FFS whether RI can be shared between NCJT CSI and single-TRP
CSls to reduce CSI feedback overhead

— FFS whether additional field is needed, at least for Option 2
o Within CSI part 2:

— FF'S further compression/omission for PMI reporting among Single-
TRP and NCJT hypotheses
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Item| Com- Comments
pany
11 Motorola We would like to propose a very slight change (just one word) to the word-
Mobility ing that would both keep the original proposal content and also address QC’s
UK Ltd. concern, as follows

Revised Proposal 18: A 2-part CSI report is supported in Rel-17 for a
CSI reporting configuration associated with NCJT measurement hypothesis with
following clarifications:

o Within CSI part 1

— CRI, RI, WB CQI and SB CQI for the first CW are reported with
consistent payload and zero padding (if needed). FFES further details

— FFS whether RI can be shared between NCJT CSI and single-TRP
CSls to reduce CSI feedback overhead

— FFS whether additional field is needed, at least for Option 2
o Within CSI part 2:

— FFS further compression/omission/sharing for PMI reporting
among Single-TRP and NCJT hypotheses

12 Ericsson- [Ericsson] Support latest revised proposal from FL.
LG Co.,
LTD
13 Ericsson- [Ericsson] To follow up, we like the wording suggested from Motorolla better.
LG Co., | So we are fine with the revision from Motorolla
LTD
14 Nokia Ok with the proposal
Germany

Proposal 19: For the UE configured to report X CSIs (at least when X>0) associated
with single-TRP measurement hypotheses and one CSI associated with NCJT
measurement hypothesis, study following alternatives for potential CSI
omission/priority:

->Alt 1: Prioritize CSI with different measurement hypotheses within the single CSI
report, when the UE is configured with CSI Option 1 with X=1 or 2.

->Alt 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or
RI or CQI in CSI part 1.

[Mod] From FL perspective, the major task for related discussion is to ensure/improve mutual
understanding this meeting so that we can make a decision in RAN1 105e at high level, if possible.
Normally it will take a few meeting cycles to make further spec impact clear. So let us discuss by
NWM to improve wording here as much as possible.
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Feedback Form 11: Proposal 19

Item| Com- Comments
pany

1 vivo Support.
Mobile
Commu-
nication
Co.,

2 ZTE Cor- | We are OK to support it.
poration

3 Apple We can study
GmbH

4 Qual- Ok to further study, but Altl and Alt2 are separate issues. Altl is needed to
comin clarify the behavior of CSI omission, but Alt2 is an optimization. Also, these
CDMA are not alternatives to each other (can be complimentary).
Technolo-
gies

5 Motorola Agree with QC. If Option 2 only addresses CSI omission for some hypotheses
Mobility then it should be discussed under Proposal 18. Is the intent here to reorder the
UK Ltd. Part 2 of the X+1 CSI Reports in UCI based on CQI/RI/CRI of CSI Part 1?7

It would be appreciated if Intel can clarify

6 Futurewei | Support.

7 NTT DO- | OK
COMO
INC.

8 Guang- Fine to study.
dong
OPPO
Mobile
Telecom.

9 Intel Cor- | Support the proposal
poration
SAS

10 HUAWEI | [Mod] From FL perspective, the proposal is mainly to raise the awareness
TECH- of certain decision/discussion required for incoming meetings. The proposal
NOLO- can be incomplete in terms of spec impact. But I hope that the proposal
GIES Co. | can help companies understand each other and also motivate more technique
Ltd. analysis/input in the future.

Therefore, if you have, further comments are welcome.
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Item

Com-
pany

Comments

11

Ericsson-
LG Co.,
LTD

[Ericsson] We agree with QC comment. These two are not really alternatives.
They can be complementary. We suggest to call them Issue 1 and 2 instead
(see revised proposal below).

Revised Proposal 19: For the UE configured to report X CSIs (at least when
X>0) associated with single-TRP measurement hypotheses and one CSI asso-
ciated with NCJT measurement hypothesis, study the following issues alter-
natives for potential CSI omission/priority:

->Issue 1 -AltL: Prioritize CSI with different measurement hypotheses within
the single CSI report, when the UE is configured with CSI Option 1 with X=1
or 2.

->Issue 2 Al—2: Omission of NCJT CSI in CSI part 2 depending on the
corresponding CRI or RI or CQI in CSI part 1.

12

Nokia
Germany

We support Ericsson’s revision.

In fact Issue 1 has to do with extending the definition of the CSI priority
function, which is relevant for defining the omission rules but also to determine
which CSIs are not updated in case of CPU overbooking.

Issue 2 has to do with defining the order of omissions when PUSCH resource is
insufficient

4

Conclusions
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1 Introduction

The discussion of Round 1 is to target at a few selective proposals, which may be agreeable based on
initial feedback, for MIMO GTW session at Tuesday. We will continue discussing, along with all
other proposals for next rounds.

2 Proposals for Rel-17 MTRP CSI

Proposal 11: With regarding to the maximal values of Nmax for N, Ks,max for Ks
and possible restriction betweenK1 and K2:

'>1\Imax:2

'>I<s,max:4

[Mod]: It seems that our preference for different values are roughly equal. Therefore from FL
perspective, I would suggest to go with the middle values as N_ max=2, Ks_ Max=4. However we
need these numbers asap. We will continue the last bullet this week because it will have RAN2

impact. Let us discuss by NWM and make a decision in GTW at Tuesday.

Nmax=1: ZTE, Oppo, Vivo, Spreadtrum; 2: QC, Intel, MTK, Ericsson, LGE, Nokia; 4:MTK,
Docomo, LGE

Ks max=2: Oppo, Vivo, Spreadtrum; 4:QC, Intel, MTK, Ericsson, Nokia; 8:ZTE, Docomo, LGE

For K; and K. Alt 1: QC, Docomo, Vivo, Nokia, Alt 2: Lenovo/MotM, Intel, MTK, Ericsson, LGE

Feedback Form 1: Proposal 11

Item| Com- Comments
pany
1 Futurewei | We support the proposal.

2 Intel Cor- | OK
poration
SAS

3 Qual- Support
comm
CDMA
Technolo-
gies

4 CATT support

5 Motorola Support
Mobility
UK Ltd.






Item| Com- Comments
pany

6 Guang- Fine with the proposal
dong
OPPO
Mobile
Telecom.

7 Ericsson- FEricsson supports the FL proposal
LG Co.,
LTD

8 Spread- Nmax=2 definitely would increase UE’s complexity and occupy relative large
trum amount of CPU. Nmax= 2 could be supported but it shall be up to UE’s capa-
Communi- | bility like Rel-15 FG2-29(i.e., non-group based beam reporting for L1-RSRP).
cations

9 Guang- We agree with Spreadtrum that Nmax>1 and Ks,max>2 should be UE capa-
dong bility. Functionally N=1 and Ks=2 is sufficient to support NC-JT.
OPPO
Mobile
Telecom.

10 China Mo- | Support
bile Com.
Corpora-
tion

11 NTT DO- | OK with Nmax=2 but not OK with Ks,max=4. In Rel-15/16, 8 CMR resources
COMO (Ks,max=8) have been supported for a CSI reporting. Hence, it should be also
INC. supported in Rel-17.

12 ZTE Cor- | We are fine with Nmax =2. However, we think Ksmax = 8 is necessary as
poration DOCOMO commented. Futhermore, we don’t think it is a proper time to

discuss UE capability at this stage.

13 vivo To make progress, we’d like to list possible combinations in the proposal, i.e.,
Mobile N=1, Ks=2 and N=2, Ks=4 are supported.
Commu- We also agree to include a UE capability to support Nmax=2, Ks,max=4.
nication
Co.,

14 MediaTek | Support
Inc.

15 | HUAWEI | [Mod] Let us discuss following revised proposal by GTW
TECH- Proposal 11: With regarding to the maximal values of Nmax for N, Ks,max
NOLO- for Ks:
GIES Co. | ->{Nmax=2, Ks,max=4} as optional UE capability
Ltd.

Proposal 14-1: Whether a CSI-IM can be referred by both NCJT and Single-TRP
measurement hypotheses:

->Alt 1: CSI-IM can be shared by both NCJT and Single-TRP measurement hypotheses.

->Alt 2: A CSI-IM resource is configured to be associated with either a CMR for
Single-TRP measurement hypothesis or a CMR pair for NCJT measurement






hypothesis

[Mod]: It seems that we have different views about basic understanding about how to measure

interference.

Alt 2 is the majority of views right now

(QC/ZTE/Intel/Apple/MTK /Oppo/Docomo). Alt 1 is revised by Vivo. Let us discuss by NWM
and make a decision in GTW at Tuesday. @QEricsson@Lenovo: I assume that at least CSI-IM is still
needed to measure out-NJCT-TRPs interference.

Feedback Form 2: Proposal 14-1

Item| Com- Comments
pany

1 Futurewei | We support Alt. 1.

2 Apple Alt 2 is preferred
GmbH

3 Intel Cor- | Current version of the proposal is fine for us. Regarding the preference on a
poration particular alternative, for FR1 both Altl and Alt2 can be supported. For FR2
SAS we can support restriction and use Alt2 only to make sure that interference

measurements are performed with proper analog beamforming for sSTRP and
NCJT.

4 Qual- Support Alt2.
comm
CDMA
Technolo-
gies

5 Motorola This proposal is dependent on Proposal 14-3 in the word FL summary
Mobility ” Whether to support interference measurement based on NZP CSI-
UK Ltd. RS for NCJT measurement hypothesis, in addition to CSI-IM”. We

support Alt 1 + support Proposal 14-3

6 CATT Support Alt.1.

7 Guang- It should be clarified firstly how to measure interference for NC-JT in one CSI-
dong IM in FR2. Will the UE measure interference via different beams simultaneously
OPPO and combine the measurement results together, or the interference is only based
Mobile on one of the beams for CMRs? In our opinion, both methods are not perfect
Telecom. and possibly similar in performance. In this case, Alt 1 is preferred considering

UE complexity and resource overhead.

8 China Mo- | Prefer Alt 2.

bile Com.
Corpora-
tion

9 Ericsson- Support Alt 1.

LG Co.,
LTD

10 NTT DO- | Support Alt.2
COMO
INC.

11 ZTE Cor- | Support the proposal. Down-selection can be further discussed
poration






Item

Com-
pany

Comments

12

vivo
Mobile
Commu-
nication

Co.,

Support Altl considering CSI-IM resource overhead reduction and marginal
performance impact.

13

MediaTek

Inc.

Support Alt. 2

14

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] It looks controversial. Let us continue discussing by NWM.

Proposal 15-1:
measurement hypotheses and one CSI associated with NCJT measurement hypothesis
(i.e. Option 1),

For the UE configured to report X CSIs associated with single-TRP

->Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement

hypotheses and one CRI is for NCJT measurement hypothesis.

FEach CRI bit size

depends on the corresponding number of either valid CMR pairs for NCJT
measurement hypothesis or valid CMRs for single-TRP measurement hypotheses.

->Alt 2: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement
hypotheses and one CRI is for NCJT measurement hypothesis. CRI bit size depends
on the corresponding number of valid CMRs in the CSI-RS resource set, i.e., as legacy
CRI bit size definition.

[Mod] Vivo’s solution is added as Alt 2, although the majority is Alt 1. Let us discuss by NWM

and make a decision in GTW at Tuesday. From FL perspective, my recommendation is Alt 1.

Feedback Form 3: Proposal 15-1

Item| Com- Comments
pany

1 Futurewei | We support Alt. 1.

2 Apple We are fine with Alt 1. But maximum X needs to be discussed. Do not know
GmbH why X would be greater than 2

3 Intel Cor- | For Alt2 the size of CRI for selection of NCJT hypothesis is not clear. Further
poration elaboration is needed.

SAS For example if Ks = 8 and N = 2 does it mean that CRI for selection of NCJT
hypothesis is log2(8) = 3 bits since there are 8 CSI-RS resources in the resource
set? For Alt 1 we need only 1 bit for this case.

4 Qual- We support Altl, but the fact that X4+1 CRIs are reported should not imply
comm new UCI payload generation tables for different X values. As we commented
CDMA earlier, theses are X+1 different CSIs each of which have a CRI field. Otherwise,
Technolo- | new tables are required in 38.212.
gies






Item

Com-
pany

Comments

CATT

Support Alt.1.

Guang-
dong
OPPO
Mobile
Telecom.

Support Alt.1. With different values of X, the size of each CRI can be different.

Motorola
Mobility
UK Ltd.

Support Alt 1

China Mo-
bile Com.
Corpora-
tion

Prefer Alt 1.

NTT DO-
COMO
INC.

Support Alt.1.

10

Ericsson-
LG Co.,
LTD

Support Alt 1.

11

ZTE Cor-
poration

Support Alt 1

12

vivo
Mobile
Commu-
nication

Co.,

Our preference is Alt.2 because there is no spec impact on the CRI definition.
In addition, when X=0, Alt 2 can help the network with the fall-back scheduling
to STRP transmission from the better TRP.

13

MediaTek

Inc.

Support Alt. 1

14

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] Given the majority of views, Alt 1 is proposed for GTW. Thanks.

Proposal 16: Support the indication of following RI combinations by a joint RI field
for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission
layers is less than or equal to 4:

>{1, 1}, {1, 2}, {2,1}, {2,2}

->FFS: CBSR and/or RI restrictions per TRP or across TRPs

[Mod] Seems to be ok for everyone.






Feedback Form 4: Proposal 16

Item

Com-
pany

Comments

Futurewei

We support the proposal.

Apple
GmbH

Okay for us.

Qual-
comim
CDMA
Technolo-
gies

Support

Motorola
Mobility
UK Ltd.

Support

CATT

Support this proposal.

Guang-
dong
OPPO
Mobile

Telecom.

Does the proposal mean that two RI fields for NC-JT is precluded?

NTT DO-
COMO
INC.

OK.

Ericsson-
LG Co.,
LTD

Support

China Mo-
bile Com.
Corpora-
tion

Support

10

vivo
Mobile
Commu-
nication

Co.,

Support

11

MediaTek

Inc.

Support

3

Conclusions
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1 Instruction

2 Proposals

Proposal 8-1: A bitmap for indication non-zero coefficients should be supported for Wo with a
compression coefficient beta<=1 whereas

->Support Beta=1, FFS additional values of beta < 1, e.g. 1/8,1/4, 1/2, 3/4

->FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
->FFS: whether a bitmap is polarization-common or polarization-specific

->FFS: possible parameter combinations/dependence for beta with other PS CB parameters.
Support: CATT, Spreadtrum, DC

Proposal 8-2: A bitmap for indication non-zero coefficients should be supported for Wy with a
compression coefficient beta<=1 whereas

->FFS values of beta, e.g. 1/8,1/4,1/2,3/4, 1

->FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
->FFS: whether a bitmap is polarization-common or polarization-specific

->FFS: possible parameter combinations/dependence for beta with other PS CB parameters.
Support: Samsung, MTK, Sony

[Mod] could you please share your preference either Proposal 8-1 or 827 The
difference is only for beta=1 to be supported or not.

Feedback Form 1: Proposals 8-1 and 8-2

Item| Com- Comments
pany

1 Apple There are a few issues
GmbH 1. Whether to use bitmap

2. Whether to support beta<1

3. Whether UE is allowed to report less than beta like we allowed in Rel-16
Do not fully understand why we need to couple all those together. But in
general, we are flexible, but we are against fragmented design, i.e., in one case,
use one design, in the other case, some other design






Item| Com- Comments
pany

2 Samsung Support 8-2
R&D beta=1 incurs large overhead in general, besides all other values are FFS, hence
Institute too early to agree to support beta=1.

UK There are 4 FFSs in this proposal. It will be better to clarify the need/scope
of some of the FFSs.
e 2nd FFS: similar to R16, a UE can report less than the max #NZ coefs,
hence bitmap indication in necessary regardless. Either we remove this
FFS or proponents clarify the use case and need for it
e 3rd FFS: In R16, pol-com vs pol-spec bitmap was studied and it was found
that pol-spec can achieve better perf vs overhead tradeoff; we perhaps
don’t need the same study. We suggest remove this or al least R16 scheme
(pol-spec) as baseline

3 HUAWEI | [Mod] @Apple: FFS were added by a few companies during many rounds of
TECH- discussion. They are more or less related to the bitmap and also NZP coefficients
NOLO- indicated by that bitmap. They are related. Of cause for incoming meeting, we
GIES Co. | may agree separately or jointly after there are more input for those FFS from
Ltd. companies. For sure, we can strive simplified or unified CB parameter.

@Samsung: 2nd FFS comes from companies preferring that the bitmap is not
needed at all, perhaps in a certain conditions of CB parameters. Keeping 2nd
FFS is a compromise so that we may study such a possibility.

For the 3rd FFS, I am OK to remove if here is no further comment for that.

4 Nokia Preference for P8-1. However, given the small difference between the two pro-
Germany | posals, we suggest to agree on either one based on simple majority of supporting

companies.

5 ZTE Cor- | We prefer 8-2. Whether the beta=1 is supported needs further studied.
poration On the following FFS "FFS: whether/how such a bitmap can be absent for

specific codebook configuration parameters”, it will be appreciated if proponents
can give an example when bitmap is omitted.

6 Qual- Slightly prefer P8-2, but no strong view, can go with majority view. More
comim important issue is total number of parameter combinations UE has to support.
Incorpo- We also share similar view as Apple that unified solution is highly preferred
rated when discussing details in next meeting.

7 Guang- Prefer P8-2. Fine with 8-1 for majority.
dong
OPPO
Mobile
Telecom.

8 Motorola Support 8-1
Mobility
UK Ltd.






Item| Com- Comments
pany
9 CATT Our preference is P8-1, and we can also go with majority.
Re ZTE: When Mv = 1 or Wf is turned off, the bitmap can be substituted by
port selection indication.
10 LG Elec- | We prefer P8-2. And we support Samsung’s comment on 3rd FFS point. It
tronics would be good to leave a note that the polarization-specific bitmap is the base-
Inc. line in order to keep the result of the discussion.
11 Intel Cor- | Prefer P8-2.
poration Regarding the FFS that bitmap can be absent in our understanding it is applied
SAS only for beta = 1.For this case there is tradeoff between static overhead and
dynamic overhead reduction so we support this FFS.
12 vivo Prefer P8-2.
Mobile
Commu-
nication
Co.,
13 MediaTek | Support 8-2 with polarization specific bitmap as baseline
Inc.
14 Fraun- Prefer 8-2, and can also simply go with the majority view.
hofer
I1S
15 Ericsson Prefer 8-1, our simulation results shows beta=1 is a goood value
LM
16 Sony Cor- | We prefer P8-2, and the merits of Beta=1 are also subject to further study.
poration
17 HUAWEI | [Mod] I have to say sorry to Nokia, Lenovo, CATT, Ericsson for P8-1 since
TECH- we are running out of time. We will come back next meeting to decide a
NOLO- possible /reasonable value set jointly. Also the baseline is added in the third
GIES Co. | sub-bullet. For the second sub-bullet, let us keep it as comments raised by Intel
Ltd. and CATT. Here is my suggestion.
Proposal 8-2: A bitmap for indication non-zero coefficients should be sup-
ported for W2 with a compression coefficient beta<=1 whereas
FFS values of beta < =1, e.g. 1/8,1/4,1/2,3/4, 1
FFS: whether /how such a bitmap can be absent for specific codebook configu-
ration parameters
FFS: whether a bitmap is polarization-common or polarization-specific
whereas polarization-specific bitmap is the baseline
FFS: possible parameter combinations/dependence for beta with other PS CB
parameters

Proposal 5-1: At least for rank 1, The FD bases used for W¢ quantitation are limited within a
single window /set with size N fixed/configured to the UE, study and down-select one Alternative in
RANT 105e:

->Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix





->Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB
from an orthogonal DFT matrix

Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17
or restrictions of supporting/ not supporting additional alternatives for higher rank.

Proposal 6: At least for rank 1, for relationship between N and Mv, study and down-select one
Alternative from following in RAN1 105e

->Alt 1: N= Mv always
->Alt 2: N >= Mv and N=2, 4

Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17
or restrictions of supporting/ not supporting additional alternatives for higher rank.

Proposal 7: At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook
enhancement, study and down-select one or more than one Alternative (or a subset of corresponding
values) in RAN1 105e:

Alt0: R <1 (eg 1/4,1/2)
Alt 1: R=1

Alt 2: R=1 and 2

Alt 3: R=1,2, 4, and 8

Alt 4: R= {1,2,.., D*NPRBSB} whereas D is the density of CSI-RS in frequency domain

Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17
or restrictions of supporting/not supporting additional alternatives for higher rank.

[Mod] From Mod perspective, all changes for Proposals 5-1, 6 and 7 could be symmetric for Wf. So
if any condition or restriction is required, it could be applied for all P 5-1, 6 and 7. Let us discuss
further. You may use any proposal as example for suggested changes. Of cause any other comments
are also welcome.





Feedback Form 2: Proposals 5-1, 6 and 7

Item| Com- Comments
pany

1 HUAWEI | [Mod] copy from Mr Chairman note
TECH- Possible Agreement
NOLO- In case when MV >1, when Wf is turned ON, at least for rank 1, The
GIES Co. | FD bases used for Wf quantitation are limited within a single window /set with
Ltd. size N fixed/configured to the UE, study and down-select one Alternative in

RANT1 105e:
e Alt 1: FD bases in the window must be consecutive from an orthogonal
DFT matrix
e Alt 2: FD bases in the set can be consecutive/non-consecutive, and are
selected freely by gNB from an orthogonal DFT matrix
Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/ not supporting
additional alternatives for higher rank.
Note when Wf is turned OFF, the window/set is not configured
2 Apple In principle, we are okay.
GmbH For Proposal 5-1, proposal 6, we need the restriction of Mv>1.

3 Samsung Agree w/ Apple, since this proposal is about Wf being turned ON, it is good
R&D clarify that "Mv>1". Suggest to add similar text in all 3 proposals, i.e., "In
Institute case when Mv>1, i.e., when Wf is turned ON, at least for rank 1”
UK Some comments about proposal 7:

e Alt4: how many candidate values do we have? The max val of
N_PRB™SB can be 32, and the max val of D can be 1, so, is it all
values 1,2,....,327 What is the benefit of such a large range of R values?
e Alt3: What is the meaning of R=8 when SB size=47
4 HUAWEI | [Mod]
TECH- @Samsung For Proposal 7:
NOLO- For Alt 4, it is more about the upper bound determined by D¥*N_PRB™SB. The
GIES Co. | middle values less than that could be 1, 2, 4, 8, etc up to that. For Alt 3, the
Ltd. same upper bound shall be applied so that R<=4 at least if SB size =4, maybe

just R<=2 depending on next round discussion or details. Moreover agreeing
with ”a subset of corresponding values” is also feasible to reduce configuration
values, if agreeable.

For study, we start from something simple alternatives and then move into
specific agreements/design details in RAN1 105e.






Item| Com- Comments
pany
5 Nokia Regarding P5-1 and P6. As commented in the GTW, when Wf is "turned on”,
Germany | Mv can be =1, as per agreement in the last meeting:
"Wf is a DFT based compression matrix in which N3 = NCQISubband*R and
Mv>=1"
So, in our view there are two possible configurations with Mv=1:
1) N>Mv=1 (Wf is ”on”)
2) N=Mv=1 (Wf is "oft”)
Whether one or both will be supported is part of the discussion between the
two alternatives in P6.
6 Nokia Regarding P7, Alt4, we agree with FL: it’s about the upper bound, e.g. if
Germany | N_PRB™SB=4 and D=1/4, one cannot have R>1 otherwise not all N3 PMI
subbands have at least one PRB carrying CSI-RS
7 Samsung Nokia: in our understanding, we have not agreed to any Mv value in last
R&D meeting agreement, the text ” Mv>=1" is simply saying Mv is an integer. We
Institute just agreed to supporting at least one value Mv > 1.
UK Also, seems like companies are mixing Wf being turned OFF with Mv=1 (when
Wf is turned ON). In our view, they are not the same. The agreement last
meeting says "WTf can be turned off by gNB. When turned off, Wf is an all-
one vector (FFS; the length of all-one vector)” There is no mention of Mv here.
An ex of the diff b/w the two:
e When Wf turned OFF, the PMI is WB, which implies that there is no
SB associated w/ PMI reporting, which in turn implies that the length of
all-one vector=1, i.e. Wf=1 (scalar value).
e When Wf is turned ON, then PMI has to be SB since we have Wf com-
ponent with FD dimension N3=RxN_ SB.
8 Nokia Samsung: thankfully "Mv>=1" does not need interpretation.
Germany | We suggest to correct Samsung’s latest text proposal as follows:
In case when Mv>=1 MV>1, when Wf is turned ON, at least for
rank 1,...
9 Nokia One small change to my previous suggestion. It’s best to avoid the terminology
Germany | "Wf is turned ON” because we never used it before

In case when Mv>=1 MV>1,whenW{fisturned-ON, at least for

rank 1,...






Item| Com- Comments
pany

10 Qual- We don’t think there is any difference between Wf turned off and Mv=1. Since
comm Wfis a DFT matrix, when Mv=1, there is no difference which DFT basis is used

Incorpo- here. So, we cannot agree the window/set is needed for Mv=1. We think we

rated should align companies understanding on this issue. For progress, we suggest
either the following:

1: 7At least In case when MV >1, when Wf is turned—ON", as the
common ground is that the window/set is needed M > 1. Then, we discuss Wf
turned off and Mv=1 later on
2: align the understanding of Wf turned off and Mv=1, and discuss P5-1, 6, 7
afterwards.

11 ZTE Cor- | We think the two conditions "Mv=1" and "Wf is turned off” are different. Both

poration are needed in the agreements related to WT.

12 CATT Regarding P6, our preference is Alt 2 except the value of N. So we suggeset to
make the value of N FFS for Alt 2.
We share the view that 'Mv = 1’ and 'Wf is turned off’ are different. When
Wf{ is turned off, there is no need to configured/indicate FD basis, and hence
proposal P5-1 does not apply. When Wf is turned on, it is possible that Mv
= 1. The condition for P5-1 and P6 is suggested as "In case when Mv>=1
and when Wf is turned ON...".

13 Motorola We support the original proposals 5-1,6,7 provided by the moderator.

Mobility We agree with Nokia, QC regarding the resemblance of "Mv=1" and ”turning

UK Ltd. off Wf”.  When Mv=1, Wf is an all-ones vector of length R.Nsb, i.e., same
precoding function applies to all sub-bands. In our understanding, a PMI that
is identical for all sub-bands is fundamentally a WB PMI

14 Intel Cor- | In our view conditions "Mv>1" and "WT is turned off” are the same. So we can
poration add one of the conditions or both to P5-1 and P6.

SAS Regarding set of values R, we share similar understanding with the feature lead
that we should focus and study upper bounds rather than whole set. Downse-
lection of R values can be done further.

15 Nokia Establishing the need for a window/set when Mv>=1 is part of the study in

Germany P5-1 and P6, so from our point of view, we either go back to the previous
agreeable version:

In-ecase-when Mv>=1 MV>1, when-W{ is turned-ON-At least for
rank 1,...
or we stick to what was agreed in the last meeting, i.e.
In case when Mv>=1 MV>1,when W{fisturned-ON, at least for
rank 1,...
Regarding the interpretation of ”"Wf turned off”, that’s a different issue that can
be discussed separately, related to the FFS on the length of the all-one vector,
which can be interpreted as a scalar or a vector of length N3

16 Ericsson We support these three proposals

LM






Item| Com- Comments
pany

17 Sony Cor- | In principle, we support proposals 5-1, 6, and 7 to further study.
poration Regarding proposal 6, our view is similar to CATT and we see no need to

restrict the values of N at the moment, i.e., we prefer ”->Alt 2: N >= Mv and
N=2-4.. FFS the value of N.”

Regarding the conditions "Mv=1” and "Wf{ is turned off,” we favor the view
that these two conditions are different, as explained in Samsung’s comment.

18 MediaTek | We share the view with Samsung that "Wf turned off” and "Mv=1" are techni-
Inc. cally different. When "WT is turned off”, the FD basis is all an all-ones vector,

so the PMI for every subband is the same. When "Mv=1”, the phases of the
subband PMIs are different depending on the single FD basis vector. In our
view, "Wf turned off” implies FD basis is an all-ones vector (configuration of
FD bases is not needed), and "Wf turned on” implies Mv >=1 (configuration
of FD bases is needed). Whether a window/set is needed or not for Mv = 1 can
be studied further and decided in the next meeting. Given the diverse views
among companies, we prefer to first align the understanding of these two and
then move on to the proposals.

19 Qual- Based on current discussion, we still fail to understand what is the difference
comm between "M=1" and "Wf turned off”. Obviously, for M=1, if Wf is an all-1
Incorpo- vector (i.e., FD basis 0), it is equivalent to Wf turned off; if Wf is other DFT
rated vector, there is a phase ramp. Such phase ramp does not make any difference

in CQI or have meaningful usage in PMI reporting.

For progress, we can accept P7. For P5-1 and P6, before discussing them, we
think we should align two things, 1) understandinng on "M=1" and "Wf turned
off’ and 2) the usage of window/set.

20 Fraun- In our understanding proposal 5-1 is related to what we have agreed in RAN
hofer 104-e. “Wfis a DFT based compression matrix in which N3 = NCQISubband*R
I1S and Mv>=1". So, in our view,it is OK to mention “Mv>=1" in the proposal

as the previous agreement does not preclude the support of Mv=1 when Wf is
not turned off.

From the previous agreement “Wf can be turned off by gNB. When turned
off, Wt is an all-one vector (FFS; the length of all-one vector)”. We have not
explicitly decided on the length of all one vector.

@Samsung: Regarding the length of the all-one vector for Wf, we should not
mix things up. In R16, N3 is the number of precoders and not PMIs. There
is only ONE PMI for N3 precoders. So, if Wf is tuned off, there can be N3
identical (WB) precoders for N3 frequency units. Still, there in only one WB
PMI reported.

21 Guang- Agree with QC and Intel that M=1 and Wf turned off are same.
dong
OPPO
Mobile
Telecom.






Item| Com- Comments
pany

22 Nokia @QC: regarding your comment on the window/set when Mv=1, which DFT
Germany | vector you choose does make a difference in the combination coefficients and

the CQI, however the choice does not need to be reported. Something similar
already happens in Rell6 where Mv can be 1, in which case a UE still chooses
the best DFT vector out of N3 for the calculation of NZC and CQI, but Wf is
not reported. The difference in Rell7 is that we are studying a window/set of
size much smaller than N3






Item| Com- Comments
pany

23 HUAWEI | [Mod] It seems that we may not be able to agree with specific wording for
TECH- exact wording of enabling proposals. Therefore from FL perspective, certainly
NOLO- we can/shall study further what exact meaning is for "Wf is turned on/off”
GIES Co. | in terms of CB design and UE/gNB implementation. So here is my suggested
Ltd. changes, so that we can keep it open and come back.

Also minor update in P6 raised by Sony.

Proposal 5-1: At least for rank 1, the FD bases used for Wf quantitation
are limited within a single window/set with size N configured to the UE, study
and down-select one Alternative in RAN1 105e:

o Alt 1: FD bases in the window must be consecutive from an orthogonal
DFT matrix

o Alt 2: FD bases in the set can be consecutive/non-consecutive, and are
selected freely by gNB from an orthogonal DFT matrix

« FFS: applicable conditions: e,g Wf turned ON/OFF and/or as-
sociated value of Mv

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/not supporting
additional alternatives for higher rank.

Proposal 6: At least for rank 1, for relationship between N and Mv, study
and down-select one Alternative from following in RAN1 105e

e Alt 1: N= Mv always
e Alt 2: N >= Mv and FSS candidate value(s) of N, e.g. 2, 4

o FFS: applicable conditions: e,g Wf turned ON/OFF and/or as-
sociated value of Mv

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/ not supporting
additional alternatives for higher rank.

Proposal 7: At least for rank 1, regarding the value(s) of R for Rel-17 PS
codebook enhancement, study and down-select one or more than one Alterna-
tive (or a subset of corresponding values) in RAN1 105e:

e Alt0: R< 1 (eg. 1/4,1/2)
e« Alt 1: R=1

e Alt 2: R=1 and 2

e Alt 3: R=1,2, 4, and 8

o Alt 4: R= {1,2,.., D*NPRBSB} whereas D is the density of CSI-RS in
frequency domain

o FFS: applicable conditions: e,g Wf turned ON/OFF and/or as-
sociated value of Mv

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/not supporting
additional alternatives for higher rank.






Item| Com- Comments
pany

24 vivo We prefer the FL’s original proposal. We share same understanding with Nokia
Mobile that the following two cases are different:

Commu- 1) Wf turned off, Mv=1
nication 2) Wf turned on, Mv=1 and N>1
Co.,

25 Nokia Support all 3 FL proposals
Germany

26 HUAWEI | [Mod] @Vivo understand but the interpretation may not be agreeable at this
TECH- moment. This is exact point of FFS that we need to discuss. Please be free
NOLO- to propose your understanding next meeting. I will organize dedicated propos-
GIES Co. | al/discussion thread to align our understanding thereafter.

Ltd.

27 Qual- Re Nokia and all companies share same view, "which DFT vector you choose
comim does make a difference in the combination coefficients and the CQI” - what
Incorpo- you describe is UE implementation. UE implementation does not need network
rated configuration of the window.

The first question is, without network configuration of the window, can the UE
do PMI searching of N<N3 taps?

The second question is, even with network configuration of the window, can
the UE do PMI searching of N> N3 taps? What if the best tap is outside the
window? Can the UE choose other CSI algos?

The spec cannot mandate any specific UE behavior. The spec can only define
the PMI format, i.e., when M=1, Wf is all-1 vector, no need of reporting. UE
can choose any implementation, as long as meet RAN4’s performance test.

28 Qual- Some further comments:
comm Regarding difference compared to Rel-16, it is about the Wf format. In Rel-16,
Incorpo- WT{ can be selected among N3 taps, but here the only usage of the window/set
rated is that the reported Wf (or configured W{, if N=M) is within a pre-defined

window /set. More specifically, in Rel-16, if M=2, Wf can be {0,1}...{0,N3-1},
here if M=2, Wf can be {0,1}...{O,N-1}. It is only meaningful for M >1. If
M=1, no reporting of Wf is needed as FD basis 0 will be always there.

Proposal 9: As it is in R1-21003965
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Feedback Form 3: Proposal 9

Item| Com- Comments
pany
1 HUAWEI | [Mod] As it is in R1-2103965
TECH- Proposal 9: For the quantization of W2 coefficient, study following Alterna-
NOLO- tives with Alt 1 as the baseline:
GIES Co.
Ltd. o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:
— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:
* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported
* for the other polarization, reference amplitude is quantized to 4
bits
— For coefficients other than the strongest coeflicient
* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits
* phase is quantized to 16PSK
e Altl-1: the ref amplitude = 0 reserved in R16 can be replaced with a new
value.
o Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quanti-
zation for each non-zero coeflicient
— FFS: amplitude codebook is uniform in db or linear scale
o Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase
(e.g. 16PSK) quantization for each non-zero coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: reference amplitude is polarization specific or polarization com-
mon, and corresponding codebook
¢ Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.
2 Apple Okay to study
GmbH
3 Samsung Here only, Altl is complete (in terms of details), perhaps, we should also make
R&D other alts complete, so that companies can evaluate them. Hence suggest the
Institute following:
UK

o ALt1-1: add ex of new value, e.g. (1/2)7(1/8), (1/2)7(3/8)

o Alt2: amp codebook, e.g. 3-bit (R15/16 amp cb), 4-bit (R16 amp cb)

12






Item| Com- Comments
pany
4 HUAWEI | [Mod] Changes are suggested by Samsung to make e.g. more specific.
TECH- Proposal 9: For the quantization of W2 coefficient, study following Alterna-
NOLO- tives with Alt 1 as the baseline:
GIES Co.
Ltd. o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:
— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:
* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported
* for the other polarization, reference amplitude is quantized to 4
bits
— For coefficients other than the strongest coeflicient
* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits
* phase is quantized to 16PSK

e Altl-1: the ref amplitude = 0 reserved in R16 can be replaced with a new
value, e.g. (1/2)7(1/8), (1/2)"(3/8)

o Alt2: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude
codebooks) and phase (e.g. 16PSK) quantization for each non-zero co-
efficient

— FFS: amplitude codebook is uniform in db or linear scale
o Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase
(e.g. 16PSK) quantization for each non-zero coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: reference amplitude is polarization specific or polarization com-
mon, and corresponding codebook

e Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.

5 ZTE Cor- | We are fine.
poration

6 Motorola OK to study
Mobility
UK Ltd.

7 Intel Cor- | Ok to study
poration
SAS

13






Item| Com- Comments
pany
8 Qual- Prefer following wording for Alt2:
comm
Incorpo- o Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rell5/16 am-
rated plitude codebooks) and phase (e.g. 16PSK) quantization fer—eaeh
non-zero—coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: support an strongest coefficient indicator, and indi-
vidual quantization for other non-zero coefficients.
9 MediaTek | Ok to study the alternatives
Inc.
10 Sony Cor- | Support FL s proposal.
poration
11 Fraun- Support and OK with QC’s modification.
hofer
I1S
12 Ericsson ok to study these
LM

14






Item| Com- Comments
pany
13 HUAWEI | [Mod] Here are some changes preferred by QC.
TECH- Proposal 9: For the quantization of W2 coefficient, study following Alterna-
NOLO- tives with Alt 1 as the baseline:
GIES Co.
Ltd. o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:
— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:
* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported
* for the other polarization, reference amplitude is quantized to 4
bits
— For coefficients other than the strongest coefficient
* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits
* phase is quantized to 16PSK
e Altl-1: the ref amplitude = 0 reserved in R16 can be replaced with a new
value, e.g. (1/2)7(1/8), (1/2)"(3/8)
e Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rell5/16 am-
plitude codebooks) and phase (e.g. 16PSK) quantization fer—each
e
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: support an strongest coefficient indicator, and indi-
vidual quantization for other non-zero coefficients.
o Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase
(e.g. 16PSK) quantization for each non-zero coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: reference amplitude is polarization specific or polarization com-
mon, and corresponding codebook
e Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.
14 Guang- support
dong
OPPO
Mobile
Telecom.
15 vivo Support to study.
Mobile
Commu-
nication
Co.,

15






Item| Com- Comments
pany
16 Nokia, Ok
Germany

Proposal 10: As it is in R1-21003965

Feedback Form 4: Proposal 10

Item| Com- Comments
pany
1 HUAWEI | [Mod] As it is in R1-2103965
TECH- Proposal 10: For PS codebook enhancements utilizing DL/UL reciprocity
NOLO- of angle and/or delay, down-select ONE option for CSI-RS configurations as-
GIES Co. | sociated with Rel-17 PS codebook, from Option 0 (No further enhancement),
Ltd. Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple
CSI-RS resources)
e If there is no consensus in RAN1 105e, Option 0 is by default.
2 Apple We are fine with this proposal
GmbH
3 Samsung Support
R&D
Institute
UK
4 ZTE Cor- | We are okay with the proposal.
poration
5 Intel Cor- | OK
poration
SAS
6 vivo Support.
Mobile
Commu-
nication
Co.,
7 MediaTek | Support
Inc.
8 Fraun- Support.
hofer
I1S
9 Sony Cor- | Support FL’s proposal.
poration
10 Ericsson support
LM
11 | HUAWEI [Mod] It seems that there is no further comments.
TECH-
NOLO-
GIES Co.
Ltd.
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RAN1

1

Instruction

2

Proposal 8 (R1-21003872)

Proposal 8: A bitmap for indication non-zero coefficients should be supported for Wo
with a compression coefficient beta<=1 whereas

->FFS values of beta < 1

->FFS: whether/how such a bitmap can be absent for specific codebook configuration
parameters

->FFS: whether a bitmap is polarization-common or polarization-specific

->FFS: whether to report the total number of non-zero coefficients

->FFS: possible parameter combinations/dependence for beta with other PS CB
parameters.

Yes: ZTE, Apple, vivo, MTK, Intel, Ericsson, Nokia/NSB

Feedback Form 1: Proposal 8

Item| Com- Comments
pany

1 Nokia @Samsung: regarding the FFS on the reporting of the total number of nonzero
Germany | coefficient, without such indication it’s not possible to determine the payload

size of the report. Could you please elaborate more on possible alternatives you
have in mind?

2 Motorola Support the proposal
Mobility
UK Ltd.

3 Samsung To Nokia: this proposal is about bitmap (and beta). Other FFS are related
R&D to this, except the FFS on K"NZ. Our point is that K"NZ can be discussed
Institute separately, which we will when we will discuss UCI.

UK One comment about 1st FFS on beta < 1. Can we list the candidate values so
that companies can evaluate them? In our view, the candidate values can be
{1/2,3/4,1}

4 LG Elec- | Support the proposal
tronics
Inc.






Item| Com- Comments
pany
5 HUAWEI | [Mod] FFS with regarding to total number of non-zero coefficients # of NZP
TECH- is removed as requested by Nokia and Samsung. Also additional possible values
NOLO- are added as examples, as commented by Samsung. At least 1/8 and 1/4 were
GIES Co. | used by many companies, MTK, Oppo, CATT, FH and Intel. Also other values
Ltd. were simulated as well but hopefully this short list is sufficient from now.
Proposal 8: A bitmap for indication non-zero coefficients should be supported
for W2 with a compression coefficient beta<=1 whereas
« FFS additional values of beta < 1, e.g. 1/8, 1/4, 1/2, 3/4
o FFS: whether/how such a bitmap can be absent for specific codebook
configuration parameters
e FFS: whether a bitmap is polarization-common or polarization-specific
o FFS: possible parameter combinations/dependence for beta with other
PS CB parameters.
6 CATT Thanks for the proposal. The first subbulet can be revised as: beta = 1 is
supported and FFS additional values of beta < 1, e.g., 1/8, 1/4, 1/2, 3/4.
Otherwise, it is not clear which value has been agreed.
7 Spread- Support the proposal, and support the modification suggested by CATT.
trum
Communi-
cations
8 Qual- Support
comm
Incorpo-
rated
9 Samsung To CATT, perhaps, there is some confusion about value 1. In our view, all beta
R&D values are FFS including 1. So, we suggest the following:
Institute
UK o FFS value(s) of beta <=1, e.g. 1/8,1/4,1/2, 3/4, 1
10 MediaTek | Support the proposal with the latest revised wording from Samsung
Inc.
11 Sony Cor- | Support the proposal. We are okay with Samsung’s suggestion.
poration
12 Intel Cor- | Proposal is Ok with listing the values.
poration
SAS
13 Fraun- Support.
hofer
I1S
14 Ericsson Support
LM






Item| Com- Comments
pany

15 HUAWEI | [Mod] From FL perspective, I agree with CATT that beta = 1 shall be sup-
TECH- ported so that only FFS is for values less than 1. It was commented by DC
NOLO- during Round 2 as well. In RAN 1 104, it is agreed that” W1 is a free selec-
GIES Co. | tion matrix, with identity matrix as special configuration” which corresponds
Ltd. to beta = 1 from gNB perspective.

Let us have some further discussion until next GTW, with regarding to beta
=1 and also my revision at #b5 here. If it is unclear, I will improve wording.
Thanks.

16 Samsung To Mod: in our view, W1 being identity and beta = 1 are unrelated, beta
R&D value is for an upper bound on NZ coef (in W2), hence has no relation w/ port
Institute selection via W1
UK

17 DO- Support the proposal with the modification suggested by CATT
COMO
Commu-
nications
Lab.

18 HUAWEI | [Mod] with regarding beta=1, it seems that there are different views, e.g.
TECH- confirm beta=1 this meeting [CATT, Spreadtrum, DC] or FFS beta=1 this
NOLO- meeting [Samsung, MTK, sony]. So two ways are suggested here:

GIES Co. | Proposal 8-1: A bitmap for indication non-zero coefficients should be sup-
Ltd. ported for W2 with a compression coefficient beta<=1 whereas

o Support Beta=1, FFS additional values of beta < 1, e.g. 1/8,
1/4,1/2,3/4

o FFS: whether/how such a bitmap can be absent for specific codebook
configuration parameters

e FFS: whether a bitmap is polarization-common or polarization-specific

o FFS: possible parameter combinations/dependence for beta with other
PS CB parameters.

Proposal 8-2: A bitmap for indication non-zero coefficients should be sup-
ported for W2 with a compression coefficient beta<=1 whereas

o FFS values of beta, e.g. 1/8,1/4,1/2,3/4, 1

o FFS: whether/how such a bitmap can be absent for specific codebook
configuration parameters

e FFS: whether a bitmap is polarization-common or polarization-specific

o FFS: possible parameter combinations/dependence for beta with other
PS CB parameters.






3 Proposal for studying W1

Proposal 3: With regarding to the candidate values of K; for port selection matrix W,
in NP*K1  study and down-select following candidate values of K; and the maximal
value of P in RAN1 105e

->K1 in {2, 4,8,12,16,24,32} with K; <= P

->The maximal value of P as P,ax, €.g. 32

->FFS: possible parameter combinations/dependence for K; with other PS CB
parameters.

->Note: for Polarization-common based free-selection, it means to select L=K; /2 ports
out of P/2 ports

->Note: for polarization-specific based free-selection, it means select K; ports out of P
ports

Yesvivo, MTK, Intel, Ericsson, Nokia/NSB, DOCOMO, Apple, Lenovo/Motorola, Spreadtrum,
Samsung

No: CATT

[Mod] Minor update requested by Samsung to remove brackets.

Feedback Form 2: Proposal 3

Item| Com- Comments
pany
1 Motorola Support for study
Mobility
UK Ltd.
2 LG Elec- | Support the proposal
tronics
Inc.

3 Qual- Support
comm

Incorpo-
rated

4 MediaTek | Support
Inc.
5 Sony Cor- | Support the proposal.
poration

6 Intel Cor- | Support
poration
SAS

7 Fraun- Support.
hofer
I1S






Item| Com- Comments
pany
8 Ericsson support
LM
9 HUAWEI | [Mod] Thanks for the support. Since there is no further comment, the feedback
TECH- form is locked.
NOLO-
GIES Co.
Ltd.
10 HUAWEI | [Mod] Based on comments from Samsung, which seems to be OK from my
TECH- perspective, here is update
NOLO- Proposal 3: At least for rank 1, regarding the value(s) of K1 for port
GIES Co. | selection matrix W1 in N"P*K1, study and down-select from the following
Ltd. candidate values of K1 and the maximal value of P in RAN1 105e
o Kl in {2, 4,8,12,16,24,32} with K1 <=P
e The maximal value of P as Pmax, e.g. 32
o FFS: possible parameter combinations/dependence for K1 with other PS
CB parameters.
Note: for Polarization-common based free-selection, it means to select L=K1/2
ports out of P/2 ports of the 1st pol (and the corresponding L ports of
the 2nd pol are also selected)
Note: for polarization-specific based free-selection, it means select K1 ports out
of P ports
Note: P is the number of CSI-RS ports for port selection (whose
value depends on the outcome of the CSI-RS related study)
11 Motorola The modifications proposed by Samsung are not clear to us. The proposal above
Mobility discusses network configurations of the FDD reciprocity codebook, however
UK Ltd. the rank is a UE-reported parameter. How can the codebook configuration
depend on the UE-reported rank? Can Samsung please clarify whether the
modifications imply limiting support of reciprocity codebook to rank one? Or
having a separate configuration when rank is restricted to one? Or otherwise?
12 Samsung To MoM/Lenovo: since our focus currently is on rank 1 design, and we have
R&D not discussed/agreed anything about rank > 1, we suggest to add the working
Institute "at least for rank > 1”. If you recall, we did something similar in R16 for pv
UK values, and the SCI.






Item

Com-
pany

Comments

13

Nokia
Germany

It seems Samsung’s observation on rank was already captured by the FFS, so
a possibly clearer way to say it is as follows:
Atleast-forrank I rRegarding the value(s) of K1 for port selection matrix...

o FFS: possible parameter combinations/dependence for K1 with other PS
CB parameters, e.g., whether K1 depends on the reported rank.

The first note was already clear in our view, but after the modification it can
be misinterpreted that the selection is done only on the first polarisation and
the second follow suit. Hence, it’s more accurate to say:

Note: for Polarization-common based free-selection, it means to select the

14

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] From Mod perspective, it can be all right including that ”at least for
rank 1”7 since we may start from agreeing with basic values and confirm them
for all ranks. I can also understand the concern that companies may consider
that the value of K1 configured by gNB shall be common for rank adaption. So
here is suggested wording as a compromise:

Proposal 3-1: At least for rank 1, regarding the value(s) of K1 for port
selection matrix W1 in NP*K1, study and down-select from the following can-
didate values of K1 and the maximal value of P in RAN1 105e

o Klin {2, 4,8,12,16,24,32} with K1 <= P
e The maximal value of P as Pmax, e.g. 32

o FFS: possible parameter combinations/dependence for K1 with other PS
CB parameters, e.g. whether configured value(s) of K1 can be
different for different ranks.

Note: for Polarization-common based free-selection, it means to the same
select L=K1/2 ports out of P/2 ports for both polarizations.

Note: for polarization-specific based free-selection, it means select K1 ports out
of P ports

Note: P is the number of CSI-RS ports for port selection (whose value depends
on the outcome of the CSI-RS related study)

15

Nokia
Germany

We share FL’s understanding and support the latest revision

4

Proposal for studying Wf

Proposal 5-1: The FD bases used for W quantitation are limited within a single
window /set with size N, study and down-select one Alternative in RAN1 105e:

->Alt 1: FD bases in the window must be consecutive

->Alt 2: FD bases in the set can be nonconsecutive, which are configured or indicated






by gNB, and/or selected by UE freely from the orthogonal DFT matrix
[Mod] A minor requested by Samsung by updating window as set

Proposal 6: For relationship between N and Mv, study and down-select one
Alternative from following in RAN1 105e

->Alt 1: N= Mv always

->Alt 2: N >= Mv and N=2, 4

Proposal 7: With regarding to the value of R for Rel-17 PS codebook enhancement,
study and down-select one Alternative (or a subset of corresponding values) in RAN1
105e:

->Alt 0: R <1 (e.g. 1/4,1/2)

->Alt 1: R=1

->Alt 2: R=1 and 2

->Alt 3: R=1,2, 4, and 8

->Alt 4: R= {1,2,..., D*Nprp°B} whereas D is the density of CSI-RS in frequency
domain

[Mod] minor update in bracket requested by QC

Feedback Form 3: Proposals 5-1, 6 and 7

Item| Com- Comments
pany
1 Motorola Support to study
Mobility
UK Ltd.
2 Samsung Comments for Proposal 5-1
R&D
Institute ¢ Why do we have "which are configured or indicated by gNB,
UK and/or selected by UE freely ” in Alt2. We suggest to revise it as
follows:

— Alt 2: FD bases in the set can be consecutive/nonconsecu-
tive, and are selected freely from the orthogonal DFT ma-
trix

o We are discussing size-N set/window, which is configured to the UE. So,
we should have this in the main proposal (and applies to both Alts)






Item| Com- Comments
pany
3 HUAWEI | [Mod] Update according to Samsung suggestion in Alt 2 for P5-1, up to my
TECH- best understanding:
NOLO- Proposal 5-1: The FD bases used for Wf quantitation are limited within a
GIES Co. | single window/set with size N configured to the UE, study and down-select
Ltd. one Alternative in RAN1 105e:
e Alt 1: FD bases in the window must be consecutive from an orthogonal
DFT matrix
e Alt 2: FD bases in the set can be consecutive/nonconsecutive,
and are selected freely by gNB from an orthogonal DFT matrix
4 Qual- Support. Latest P5-1 is much cleaner and clearer.
comm
Incorpo-
rated
5 Intel Cor- | Agree with the P5-1
poration
SAS
6 Fraun- Support latest version of proposal 5-1.
hofer
I1S
7 HUAWEI | [Mod] Thanks for the support. Since there is no further comment, this feedback
TECH- form is locked.
NOLO-
GIES Co.
Ltd.






Item| Com- Comments
pany
8 HUAWEI | [Mod] The feedback form is unlocked.
TECH- As commented by Samsung, some polishing and clarification for rank 1 can be
NOLO- beneficial and reasonable, from my perspective:
GIES Co. | Proposal 5-1: At least for rank 1, The FD bases used for Wf quantitation
Ltd. are limited within a single window/set with size N configured to the UE, study
and down-select one Alternative in RAN1 105e:
e Alt 1: FD bases in the window must be consecutive from an orthogonal
DFT matrix
o Alt 2: FD bases in the set can be consecutive/non-consecutive, and are
selected freely by gNB from an orthogonal DFT matrix
Proposal 6: At least for rank 1, For relationship between N and Mv, study
and down-select one Alternative from following in RAN1 105e
Alt 1: N= Mv always
Alt 2: N >= Mv and N=2, 4
Proposal 7: At least for rank 1, regarding the value(s) of R for Rel-17
PS codebook enhancement, study and down-select one or more than one
Alternative (or a subset of corresponding values) in RAN1 105e:
Alt 0: R <1 (eg. 1/4,1/2)
Alt 1: R=1
Alt 2: R=1 and 2
Alt 3: R=1,2, 4, and 8
Alt 4: R= {1,2,.., DXNPRBSB} whereas D is the density of CSI-RS
in frequency domain
9 Motorola The modifications proposed by Samsung are not clear to us. The proposals
Mobility above discuss network configurations of the FDD reciprocity codebook, however
UK Ltd. the rank is a UE-reported parameter. How can the codebook configuration
depend on the UE-reported rank? Can Samsung please clarify whether the
modifications imply limiting support of reciprocity codebook to rank one? Or
having a separate configuration when rank is restricted to one? Or otherwise?
10 MediaTek | Support
Inc.
11 Nokia @Samsung: these are studies. Should we limit the study to rank 17 If not,
Germany | what other alternatives are we supposed to study for rank>17






Item

Com-
pany

Comments

12

HUAWEI
TECH-
NOLO-

GIES Co.

Ltd.

[Mod] I am trying to come with some neutral wording to explain ”at least for
rank 1” to find a compromise. Also a suggestion from QC is added in Proposal
5-1.

Proposal 5-1: At least for rank 1, The FD bases used for Wf quantitation
are limited within a single window /set with size N fixed/configured to the UE,
study and down-select one Alternative in RAN1 105e:

e Alt 1: FD bases in the window must be consecutive from an orthogonal
DFT matrix

o Alt 2: FD bases in the set can be consecutive/non-consecutive, and are
selected freely by gNB from an orthogonal DFT matrix

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/ not supporting
additional alternatives for higher rank.

Proposal 6: At least for rank 1, for relationship between N and Mv, study
and down-select one Alternative from following in RAN1 105e

e Alt 1: N= Mv always

e Alt 2: N >= Mv and N=2, 4

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/ not supporting
additional alternatives for higher rank.

Proposal 7: At least for rank 1, regarding the value(s) of R for Rel-17 PS code-
book enhancement, study and down-select one or more than one Alternative (or
a subset of corresponding values) in RAN1 105e:

e Alt0: R <1 (eg. 1/4,1/2)
o« Alt 1: R=1

e Alt 2: R=1and 2

o Alt 3: R=1,2, 4, and 8

o Alt 4: R= {1,2,.., D*NPRBSB} whereas D is the density of CSI-RS in
frequency domain

Note that “at least for rank 1” does not imply for the support of
rank 1 only in Rel-17 or restrictions of supporting/not supporting
additional alternatives for higher rank.

13

Nokia
Germany

We share FL’s understanding and are ok with all 3 proposals

14

Samsung
R&D
Institute
UK

Nokia: our intension is focus on rank 1 case, which we have agreed to support,
(we have not agreed to anything about rank > 1). Also, the parameters and
designs may not the same for all ranks (as we have seen in R16).

10






5 Proposal for studying W2
Proposal 9: For the quantization of Wy coefficient, study following Alternatives:

->Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be
summarized as following:

->->An indicator for the strongest coefficient
->->Two polarization-specific reference amplitudes:

->->->for the polarization associated with the strongest coefficient, the reference
amplitude is not reported

->->->for the other polarization, reference amplitude is quantized to 4 bits
->->For coefficients other than the strongest coefficient

->->->differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits

->->->phase is quantized to 16PSK
->Altl1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value.

->Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for
each non-zero coefficient

->->FFS: amplitude codebook is uniform in db or linear scale

->->FFS: reference amplitude is polarization specific or polarization common, and
corresponding codebook

->Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not
precluded.

[Mod] Minor update requested by Samsung @Saif: please check whether my updates are correct

Feedback Form 4: Proposal 9

Item| Com- Comments
pany

1 ZTE Cor- | We still think it is needed to put Alt 1 as the baseline. Alt 1 is what we have in
poration Rel-16, and the other alternatives including Alt 2 is a new proposal. To make

Alt 1 as baseline is also proposed by several other companies in the last two
rounds. Hence we think the main bullet should be revised as

For the quantization of W2 coefficient, study following Alternatives,
with Alt 1 as the baseline:

11





Item| Com- Comments
pany

2 Nokia As noted previously, we also share ZTE’s view that Alt 1 should be considered
Germany | as the baseline

3 LG Elec- | We also share the same view with ZTE/Nokia.
tronics
Inc.

4 Motorola Support the current proposal. Can the moderator clarify whether ZTE’s pro-
Mobility posed modification (to set Alt 1 as a baseline) implies that Alt 1 will be sup-
UK Ltd. ported if no consensus is reached, even if the majority prefers Alt 27

5 ZTE Cor- | Reply to Lenovo/MotM:
poration I think we just follow business as usual when comparing new proposals with

legacy approaches. If there is clear benefit of Alt 2 over Alt 1, we can for sure
enhance the legacy approach to Alt 2. But if not, the legacy approach should
be adopted. Perhaps Min can share his view from FL perspective later.

6 Samsung Re Altl being baseline, I think it is already baseline since all companies are
R&D using it thus far. Altl-1 and Alt2 are to check if we can improve upon this
Institute baseline. If Alt1-1 and Alt2 can show attractive gains over Altl, then RAN1
UK can discuss them, otherwise we have Altl. This is our understanding about

ZTE’s comment.

12






Item| Com- Comments
pany
7 HUAWEI | [Mod] update according to ZTE/Nokia/LG/Samsung comments:
TECH- Proposal 9: For the quantization of W2 coefficient, study following Alterna-
NOLO- tives with Alt 1 as the baseline:
GIES Co.
Ltd. o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:
— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:
* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported
* for the other polarization, reference amplitude is quantized to 4
bits
— For coefficients other than the strongest coeflicient
* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits
* phase is quantized to 16PSK
e Altl-1: the ref amplitude = 0 reserved in R16 can be replaced with a new
value.
o Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quanti-
zation for each non-zero coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: reference amplitude is polarization specific or polarization com-
mon, and corresponding codebook
e Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.
8 Qual- ok in general, with following two points
comm 1. why there is 2nd FFS in Alt27 It is invidualt quantization.
Incorpo- 2. For Alt2, we suggest add a bullet for "report strongest coefficient indicator,
rated other coefficients are individually quantized”.
9 Samsung QCM: Re 2nd FFS; if we SCI is not supported (we have not agreed to it), there
R&D may still be ref amp for amp quantization (similar to Alt1).
Institute
UK
10 Qual- Re SS: ok, but why there has to be polarization-specific or polarization-common
comm ref amp? It is invidivual quant, there should be only 1 ref amp in your case,
Incorpo- otherwise what is difference compared to Alt1?
rated Given above, I suggest to remove the 2nd FFS as anyway SCI would be dis-
cussed.
11 Fraun- Support.
hofer
I1S

13






Item| Com- Comments
pany

12 Ericsson ok
LM

13 HUAWEI [Mod] Not sure about the outcome between QC and SS. Let us just continue
TECH- discussing until next GTW session.

NOLO- @Samsung: Are you ok to remove the 2nd FFS as QC has suggested?
GIES Co.
Ltd.

14 Samsung QCM: 1 ref = a ref amp for all NZ coef, and 2 ref = a ref amp for all NZ coef
R&D for 2 pols. And this ref is not related to SCI (which may or may not be there).
Institute If it helps, we can remove FFS from Alt2, and add Alt2-1 as below.

UK
o Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase
(e.g. 16PSK) quantization for each non-zero coefficient
— FFS: amplitude codebook is uniform in db or linear scale
— FFS: reference amplitude is polarization specific or polarization com-
mon, and corresponding codebook

15 Qual- ok removing 2nd FFS from Alt2 and adding Alt2-1.
comm
Incorpo-
rated

14






Item| Com- Comments
pany

16 HUAWEI | [Mod] Considering that QC and Samsung has agreed with wording, here is
TECH- updated proposal with new Alt 2-1 based above comments. If any further
NOLO- comments, please be free to suggest.
GIES Co. | Proposal 9: For the quantization of W2 coefficient, study following Alterna-
Ltd. tives with Alt 1 as the baseline:

o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:

— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:

* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported

* for the other polarization, reference amplitude is quantized to 4
bits

— For coefficients other than the strongest coeflicient

* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits

* phase is quantized to 16PSK

e Altl-1: the ref amplitude = 0 reserved in R16 can be replaced with a new
value.

e Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quanti-
zation for each non-zero coefficient

— FFS: amplitude codebook is uniform in db or linear scale

e Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3
bits) and phase (e.g. 16PSK) quantization for each non-zero
coefficient

— FFS: amplitude codebook is uniform in db or linear scale

— FFS: reference amplitude is polarization specific or polar-
ization common, and corresponding codebook

e Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.

6

CSI-RS for Rel-17 PS CB enhancement

Proposal 10: For PS codebook enhancements utilizing DL /UL reciprocity of angle
and/or delay, down-select ONE option for CSI-RS configurations associated with
Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower
CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)

->1If there is no consensus in RAN1 105e, Option 0 is by default.

15






[Mod] Based on the feedback so far, companies seems to have relatively strong position, either
strongly prefer one of them or strongly against another. Also supporting more than one options as a
compromise does not work either due to potential complexity of UE capability and was rejected in
Rounds 1 and 2. Then it seems that we are forced to choose one option. I tentatively remove Option
2 here due to the minimal support so far, so that we can be slightly more focused on two possible

options.

However, from FL perspective, I tends to make a decision in RAN1 105e at least, if we can’t agree
with anything for this matter.

Feedback Form 5: Proposal 10

Item| Com- Comments
pany

1 Nokia Support Option 1

Germany | The maximum number of UEs that can be scheduled for Rell7 PS report with
a 32-port resource is 2/D per slot. Option 1 is a a very simple enhancement
that allows to double this number from 4 to 8, with all the benefits mentioned
in previous comments for DL overhead reduction, network scheduler, reduced
latency.

2 ZTE Cor- | We continue to support Option 3, and Option 1 can be supported as well. We
poration see the need to reduce CSI-RS overhead. Further, if gNB cannot multiplex UEs

in one slot flexibly, lower density is not much useful. Further, the complexity
caused by Option 3 has been well defined by active CSI-RS counting and CPU
counting. We are also open to make this optional if UE vendor still has concern.
We are okay with the proposal to defer the decision in next meeting. Companies
can have more time to think about it.

3 vivo We are fine with no consensus.

Mobile

Commu-

nication

Co.,

4 Motorola | Support Option 0: No further enhancement
Mobility
UK Ltd.

5 Samsung Support the FP proposal. We at least reduce number of options.

R&D

Institute

UK

6 Spread- Support FL proposal.
trum
Communi-
cations

7 LG Elec- | Support the proposal from FL.
tronics
Inc.

8 Qual- Given that codebook progress is not ideal, prefer conclude in this meeting,
comm don’t think we should spend much time. We are open to option 1 if agreeable,
Incorpo- otherwise suggest conclude to option 0.
rated

16





Item

Com-
pany

Comments

MediaTek
Inc.

Although we prefer Option 0, we support down selection in next meeting

10

Sony Cor-
poration

Support the FL s proposal.

11

Fraun-
hofer
IIS

Support.

12

Ericsson

LM

Support FL proposal

13

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] Not sure whether all companies are supportive, although by default
the proposal seems to be OK. Let us just continue discussing until next GTW
session. If anyone has strong concern, please be free to comment here.

14

Apple
GmbH

Fine with the proposal

15

CATT

Support Option 3, and we’are fine with FL proposal.

16

DO-
COMO
Commu-
nications

Lab.

Support FL’s proposal. However, we prefer Opt. 1

17

Guang-
dong
OPPO
Mobile
Telecom.

support FL’s proposal

Conclusions
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RAN1

1

Introduction

2

Proposals

Proposal 2: Combinatorial coefficient is used for port selection for Wj.

[Mod] It seems to be the majority of views.

Feedback Form 1: Proposal 2

Item| Com- Comments
pany

1 ZTE Cor- | We are okay with this proposal.
poration

2 Motorola Support
Mobility
UK Ltd.

3 Samsung Since the candidate values of K1 (or L) are to be discussed and evaluated for fur-
R&D ther down-selection next meeting, and the value of P (#CSI-RS ports) depends
Institute on the outcome of the CSI-RS related study, we think this discussion should be
UK postponed to future meetings.

4 Spread- We are OK with this proposal based on majority support. We also prefer
trum discussing this proposal after the candidate values of K1 have been decided.
Communi- | Postponing this proposal will not impact the progress of other proposals.
cations

5 HUAWEI | [Mod] @SS@Spreadtrum I don’t see any problem to confirm since everyone is
TECH- ok, including ZTE, Lenovo/MotM, Ericsson, Intel, Apple, CATT, Oppo, Vivo,
NOLO- MediaTek, LG, Nokia/NSB, Docomo. Postponing the decision seem not give
GIES Co. | us any advantage of CB optimizations.

Ltd.

6 vivo Support
Mobile
Commu-
nication
Co.,

7 Intel Cor- | We support this proposal
poration
SAS

8 Ericsson Support
LM

9 Nokia Support
Germany






Item| Com- Comments

pany

10 Samsung This is related UCI design, in general, UCI is designed after we design the
R&D codebook, not the other way around; so, to save time, we should discussed
Institute later.
UK If companies want to agree on something, we should list other candidates, e.g.

bitmap, for further down-selection in future meetings.

Proposal 3: With regarding to the candidate values of K; for port selection matrix W
in NP*K1, study and down-select following candidate values of K; and the maximal
value of P in RAN1 105e

->K; in {2, 4,8,12,16,24,32} with K; <= P

->The maximal value of P of Py,.x, €.g. 32

Note: for Polarization-common based free-selection, it means to select L=K; /2 ports
out of P/2 ports.

[Mod] To follow up the discussion after Round 1, let us discuss and confirm further in Round 2.

Feedback Form 2: Proposal 3

Item| Com- Comments
pany

1 Apple Okay with study
GmbH

2 Motorola Support
Mobility
UK Ltd.

3 Samsung OK, few comments
R&D
Institute e What is the meaning of the 2nd bullet on P?
UK

e Note: in the previous version, the note had both pol-common and pol-
spec, why has it (pol-spec) been removed?

¢ We would like add a note

— Note: the supported K1 (or L) values may depend on other param-
eters such as P, beta, rank values etc...

4 Spread- Support. For Samsung’s 2nd comment, pol-common has been agreed during
trum GTW.
Communi-
cations






Item| Com- Comments
pany
5 HUAWEI | [Mod] Revised accordingly based on comments of SS and Spreadtrum (the
TECH- second note is []):
NOLO- Revised Proposal 3: With regarding to the candidate values of K1 for port
GIES Co. | selection matrix W1 in NP*K1, study and down-select following candidate val-
Ltd. ues of K1 and the maximal value of P in RAN1 105e
o Klin {2, 4,8,12,16,24,32} with K1 <=P
e The maximal value of P as Pmax, e.g. 32
o FFS: possible parameter combinations/dependence for K1 with other PS
CB parameters.
Note: for Polarization-common based free-selection, it means to select L=K1/2
ports out of P/2 ports
[Note: for polarization-specific based free-selection, it means select K1 ports
out of P ports]

6 CATT As we commented before, for certain codebook parameters, there is no need
to limit the candidate value of K1. For example, when Mv = 1, the port
indication and position indication for NZC can be combined. In this case, K1
shall be selected freely. We propose to add a FFS: Free selection of K1 for
particular codebook parameters.

7 vivo Support Revised Proposal 3.

Mobile
Commu-
nication
Co.,
8 MediaTek | Support Revised Proposal 3.
Inc.
9 Intel Cor- | Support
poration
SAS
10 Ericsson support
LM
11 Nokia Support
Germany
12 DO- Support FL’s proposal
COMO
Commu-
nications
Lab.
13 Samsung To spreadtrum: pol-com is agreed only for rank 1, and that too under the FFS
R&D for P values
Institute Mod: what is the meaning of [| around 2nd FFS; it is just a note, so we either
UK have both notes, or remove both






Proposal 4-0: Confirm following WA of Wy for R17 PS CB

->Support of M,>1 is a UE optional feature if the UE supports Rel-17 PS codebook
enhancement, taking into account UE complexity related to codebook parameters.

Yes: Apple, Spreadtrum, QC, Samsung, OPPO, MTK

No: Nokia, Fraunhofer, CATT, Lenovo/Motorola, Ericsson

[Mod] To follow up the discussion after Round 1, since preferences are too close, let us discuss this
further by NWM.

Feedback Form 3: Proposal 4-0

Item

Com-
pany

Comments

ZTE Cor-
poration

We support to confirm this WA.

Apple
GmbH

Support

Motorola
Mobility
UK Ltd.

We do not have a problem in principle regarding supporting M>1 as an optional
UE feature, however our preference is making a decision on optional UE features
after the outlines of the codebook design are clear

Samsung
R&D
Institute
UK

Support

Guang-
dong
OPPO
Mobile
Telecom.

support

Spread-
trum
Communi-
cations

Support.

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] From FL perspective, confirming WA seems to be fine so far, at least
UE vendors can be slightly more comfortable. Please be flexible.

LG Elec-
tronics
Inc.

support to confirm WA






Item| Com- Comments
pany
9 Qual- Since the CSI algos used in majority companies is calculating SVD on delay
comm domain, we think M > 1 vs. M=1 is similar to L=4 vs. L=6, because it
Incorpo- increases SVD operation complexity. Also, sorry to repeat, our biggest concern
rated is the robustness of this CSI algos and its performance in real world, so we wish
to open the feature step by step so as to have sufficient test/optimization for
each case. So, we invite companies to think about our implementation concern.
We are also open to hear any comments/suggestions from companies that wish
to delay the WA.
10 vivo Support.
Mobile
Commu-
nication
Co.,
11 MediaTek | Support to confirm the WA.
Inc.
12 Intel Cor- | OK with the proposal
poration
SAS
13 Nokia We understand QC’s concern on the SVD complexity. Because a common im-
Germany | plementation, as far as we can tell, operates on an SVD of size (K1*Mv) x Nr,

where Nr is the number of rx antennas, maybe we can add the following
FF'S: whether the optionality is expressed in combination with values
of K1

Revised Proposal 4-1: For Wy in CN3™v  Nf — 2 is supported for R17 PS CB

->FFS: whether there is a need of restriction for certain number of CSI-RS ports

->FFS: whether Mv>2 is needed

[Mod] Two FFSs are added to address the request from Samsung, Vivo, Sony and FH. To follow up
the discussion after Round 1, let us discuss this further by NWM.

Feedback Form 4: Proposal 4-1

Item| Com- Comments
pany

1 vivo We believe Mv=4 is necessary for the case that the number of CSI-RS ports is
Mobile limited, e.g., 4 or 8. For a UE only supporting limited number of N1 and N2,
Commu- enhanced R17 PS codebook can still bring comparable performance as 32 ports
nication with a larger Mv.
Co.,






Item| Com- Comments
pany

2 Nokia Support
Germany | FFS1: we don’t see a need to restrict Mv=2 only to small values of P. Setting

Mv=2 allows the network to increase the resolution of the CSI-RS precoders in
the delay domain by a factor of 2 and our analysis and we observe the benefit
also for large number of ports, i.e. P=32

FFS2: we don’t think Mv=4 is needed because we don’t see any performance
gain of Mv=4 over Mv=2 in our SLS results

3 Motorola Support
Mobility
UK Ltd.

4 Samsung | We don’t think Mv=2 is beneficial for large #CSI-RS ports (e.g. for 32). There
R&D is no performance gain, the CSI overhead is large, and UE complexity is in-
Institute creased. Based on all three metrics (as mentioned in the WID), we are not
UK seeing any benefits.

So, we propose to replace FFS with the following;:

o this feature (Mv=2) is supported for small #CSI-RS ports, e.g. P<=8
Finally, the 2nd FFS should be replaced with the following since there is no
gain as observed by most of the companies..

e Mv>2 is not supported

5 DO- Support FL’s proposal
COMO
Commu-
nications
Lab.

6 HUAWEI | [Mod] @SS The first FFS is questioned by Nokia and the second FFS is
TECH- questioned by Vivo. Although I don’t mind that we make those FFS more
NOLO- specific this meeting as you kindly suggest, it seems to be unlikely go next level
GIES Co. | this meeting. If there are more companies to support to make FFSs to be more
Ltd. specific, I will update the proposal later.

7 MediaTek | Support FL proposal
Inc.

8 Intel Cor- | Support the proposal. For FFS, it is OK to keep it as is.
poration
SAS

9 Ericsson Support
LM

10 Samsung Just like proponents, we also have concerns, which is not addressed in this
R&D proposal
Institute
UK

Revised Proposal 6-1: The FD bases used for W; quantitation are limited within a
single window with size N






->Alt 1: FD bases in the window must be consecutive

->Alt 2: FD bases in the window can be inconsecutive, which are selected freely from
the orthogonal DFT matrix

Alt 1: ZTE, Lenovo/MotM, CATT, Sony, DOCOMO, Ericsson, Intel, OPPO, Fraunhofer, MTK,

QC, LG, Nokia/NSB

Alt 2: Samsung, Vivo

[Mod] It is revised according to Samsung/Vivo comments. It seems to be the majority of views for

Alt 1.
Feedback Form 5: Proposal 5-1

Item| Com- Comments
pany

1 Qual- A question for Alt2: if non-consecutive, it just a set of DFT vectors? then,
comm better not called a "window”.

Incorpo-

rated

2 vivo We support Alt 2.

Mobile The use cases of Alt 2 is limited number of CSI-RS ports, e.g., 4 or 8, is

Commu- supported by the UE or configured by the network, and it can bring significant

nication gain.

Co., 1. As the taps in time-domain is not consecutive, the taps of the window are
not consecutive when partial SD-FD information is conveyed by limited CSI-RS
ports.

2. We have shown the benefits of inconsecutive tap indication based on the
delay reciprocity when only 8 CSI-RS ports are used for Rel-17 PS Type-I1
codebook enhancement,

o For a window with size N=1 (N=1, 8 ports), the upper limit of the perfor-
mance gain is limited to about 30%.

o For a window with size N=4/8, inconsecutive tap indication obviously out-
performs the consecutive one, even close to the case of 32 ports (N=1, 32 ports).
Reply QC: Yes, Alt 2 means a set of DFT vectors actually. We are fine with
multiple windows or a set of DFT vectors.

In addition, we propose to update Alt 2 as follows:
->Alt 2: FD bases in the window can be inconsecutive, which are con-
figured/ indicated/ selected freely from the orthogonal DFT matrix

3 ZTE Cor- | We support Alt 1. The channel is already filtered by gNB using CSI-RS precod-
poration ing, so the motivation to have complex configuration on non-consecutive DFT

vectors is not clear. As Alt 1 is already used for Rel-16, we believe it works well
with CSI-RS precoding done in Rel-17.

4 HUAWEI | [Mod] @Vivo can you please elaborate "configured/indicated /selected”? per-
TECH- haps, do you mean "configured by gNB, and indicated by 7, and selected by UE
NOLO- freely from the orthogonal DFT matrix”?

GIES Co.

Ltd.

5 Apple We are neutral
GmbH






Item| Com- Comments

pany

6 Nokia Support Alt 1.

Germany | In Alt 2, if the location of taps in the window is configured, it’s not clear how the
location can be anticipated and channel delay variation would require an RRC
reconfiguration. If the tap location is dynamically indicated by the network,
e.g. by MAC-CE, this requires significant extra DCI overhead.

7 Motorola | Support Alt 1. Agree with Nokia’s comment. To add to that, the objective of
Mobility CSI-RS beamforming is to flatten the channel response, i.e., one dominant tap
UK Ltd. + harmonics. The configured window should be selected around the tap. Using

multiple windows is not justified

8 Samsung Support Alt2, but without the wording window
R&D
Institute
UK

9 vivo @Mod: Yes, "configured/indicated /selected” means ”configured or indicated
Mobile by gNB, and/or selected by UE freely from the orthogonal DFT matrix”.
Commu-
nication
Co.,

10 DO- Support Alt 1. Same view as Motorola
COMO
Commu-
nications
Lab.

11 Qual- Re vivo, for Alt2, the second part is really needed? Seems it means the window
comm can be configured or fixed or reported. As P5-1 stands, they seem all possible.
Incorpo-
rated

12 Spread- Support Altl. We agree with Nokia’s comment that for Alt2, RRC re-
trum configuration maybe required when channel varies. Besides, if multiple FD
Communi- | bases identified by gNB cannot fit into a window, they can be configured into
cations different ports.

13 HUAWEI | [Mod] Companies’ positions are unchanged so far so that Alt 1 is the majority.
TECH- Some wording is updated for Alt 2 according to suggestions by QC/Vivo/SS:
NOLO- Revised Proposal 5-1: The FD bases used for Wf quantitation are limited
GIES Co. | within a single window with size N
Ltd.

e Alt 1: FD bases in the window must be consecutive

e Alt 2: FD bases in the set can be nonconsecutive, which are configured
or indicated by gNB, and/or selected by UE freely from the orthogonal
DFT matrix

14 LG Elec- | we are open to discuss a single window or set for FD bases.
tronics
Inc.






Item| Com- Comments
pany

15 CATT We support Alt 1. Is it the understanding that we are going to downselect from

the two alternatives? If yes, we suggest explicitly state that.

16 HUAWEI | [Mod] QCATT in general, as long as there is any chance (i.e. clear majority),
TECH- I will strive to down-selection. For Proposal 5-1, my first preference is to make
NOLO- a decision to pave a path for further decisions.

GIES Co.
Ltd.

17 MediaTek | For companies supporting Alt 2, we want to ask whether the size of the set (i.e.

Inc. number of FD bases) is N ? If yes, all the occurrences of the word 'window’ in
the proposal should be changed to ’set’ to avoid any ambiguity. Our preference
is still Alt 1.

18 Intel Cor- | In our view the set of N vectors should be consecutive (i.e. we support Alt 1).
poration UE can select Mv nonconsecutive vectors from the set of N vectors according
SAS to the channel.

19 Ericsson Support Alt.1
LM

20 Samsung Our previous comment is not addressed: could we replace .within a single
R&D window with size N” with "...within a set of size N” in the beginning (before
Institute Alts)?

UK

21 Qual- Given by the comments made so far for P5-1, 5-2 and P6, we are very confused
comm about the usage of the window. Without clarifications or descriptions, we think
Incorpo- it a bit rush to agree on Mini or relationship between N and M. We suggest
rated to first list the alternatives (each alts should be a complete solution for Wf),

second decide clear categorization, third make decision. Suggested alternatives
are the following

o Altl: Wf is not reported

— FFS: consecutive or inconsecutive basis configured in Wf
— FFS: Mini is configured or fixed to 0

o Alt2: Wf is reported within a window of size N > M

— FFS: consecutive or inconsecutive basis configured in Wf
— FFS: Mini is reported or configured or fixed to 0

— Wf is layer-specific? not sure why we need the window if Wf is
layer-common

Proposal 5-2: Whether M ;,;; for the window shall be configurable:

->Alt 1: Mg can be configured by gNB






->SAlt 2: M, ts fixed to be 0

Alt 1: ZTE, Lenovo/MotM, Intel (2°¢), CATT, Samsung, vivo, Sony, DOCOMO

Alt 2: Ericsson, Intel (1°%), OPPO, Fraunhofer, MTK, QC, LG

[Mod] Preferences are too close. Let us discuss this further by NWM.

Feedback Form 6: Proposal 5-2

Item| Com- Comments
pany
1 ZTE Cor- | We support Alt 1. In Rel-16, Mint is reported by UE, so we think it is natural
poration to configure Mint by gNB in Rel-17. Further, if a simple configuration can
accomodate more flexible gNB implementation of multiplexing multiple FD
vectors in one port, we should go for it.
2 Apple It depends on whether there is any FD basis selection at UE side, or UE just
GmbH follow the configuration from the gNB.
3 Nokia We prefer Alt 2.

Germany | The gNB can shift any delay window to a fixed predefined position, as seen
by a UE, by applying FD precoding to the CSI-RS ports, so the only use case
for Alt 1 seems to be only for multiplexing 2 or more UEs in the same CSI-
RS port by configuring different values of Minit. Such a scheme may impact
channel estimation at the UE, because two or more FD precoding vectors are
superimposed in the same port, resulting in the superposition of two or more
copies of the channel impulse responses with different delay shifts, as measured
by a UE. So, even if the delay spread is fully contained inside the configured
window (which may not be guaranteed in case of timing offset between UL and
DL), a UE may need to filter out the delay taps outside its configured window to
estimate the wideband channel for example for CQI calculation. To complicate
things, if the multiplexed UEs have different SD precoding there maybe cross-
beam interference, if they share the same SD precoding on all ports it’s not
clear how a scheduler could find such UEs to pair.

4 Motorola We support Alt 1

Mobility

UK Ltd.

5 Samsung First, we don’t support window-based design, hence, we prefer the following:

R&D Proposal 5-2: Wf shall be configurable:

Institute

UK o Altl: window-based

— Alt 1-1: Minit can be configured by gNB
— Alt 1-2: Minit is fized to be 0

o Alt2: free selection from the orthogonal DFT matriz

10






Item| Com- Comments
pany

6 Qual- Alt2, and agree Nokia’s comment on CSI-RS channel estimation. In Rel-16,
comm Mini is reported by UE because the strongest coefficient shift to first tap. With-
Incorpo- out that, Mini=0 or not yields no difference in PMI reporting.
rated

7 HUAWEI | [Mod] It seems that the discussion can be clearer after the decision of Proposal
TECH- 5-1. In stead of sharing the preference, perhaps companies can share more
NOLO- analysis as Nokia has kindly provided. Further details can be very useful to
GIES Co. | improve our understanding of how Wf may impact at both UE and gNB.

Ltd.

8 Spread- We didn’t see much difference between Altl and Alt2. For Altl, Minit is also
trum fixed after gNB configuration, and UE is also required to do FD basis index
Communi- | re-mapping to shift the strongest FD basis to FD basis 0. Slinght prefer Alt2
cations since no RRC parameter is needed.

9 vivo We are fine with current proposal with 2 alternatives.

Mobile
Commu-
nication
Co.,

10 MediaTek | Support Alt 2.
Inc.

11 Intel Cor- | We support Alt 2
poration
SAS

12 Ericsson Support Alt.2
LM

Proposal 6: For relationship between N and M,,

-S>Alt 1: N= M, always

->Alt 2: N >= M, and N=2, j

Alt 1: Ericsson, OPPO, Fraunhofer, Qualcomm

Alt 2: ZTE, Lenovo/MotM, Intel, CATT, vivo, MTK, Sony, Nokia/NSB, DOCOMO

[Mod] Let us discuss this further by NWM. If no sufficient technical debate, I will recommend the

majority, e.g. Alt 2.

Feedback Form 7: Proposal 6

Item| Com- Comments
pany

1 ZTE Cor- | We support Alt 2. As we commented in the first round, we have to consider
poration rank > 1, where layer specifc DFT vectors have benefit as shown by the study

in Rel-16.
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Item| Com- Comments
pany

2 Fraun- Alt1 (1st preference), Alt2 (2nd preference)
hofer

I1S

3 Motorola Support Alt 2, agree with ZTE’s comment
Mobility
UK Ltd.

4 Nokia We support Alt 2.

Germany | To elaborate more on our previous comment in round 0, an important use case
for Alt 2 is the presence of timing offset between UL and DL receiver. This
usually has no impact in performance as long as OFDM symbol synchronisation
is within the cyclic prefix and so it’s typically not captured in SLS. Also it
does not affect Rell6 Type II because all the operations in the “delay domain”
happen at the UE. But in Rell7, even under ideal delay reciprocity, a timing
offset causes a shift in delays, common to all ports. To counteract this effect, if
for example Mv=1, a UE may calculate several FD components in the proximity
of FD component 0 and select the strongest, without need to report it. However,
this is left to UE implementation, unless N>1, which, means the UE is mandated
to search at least within the window of components.

In a separate issue related to this proposal and Proposal 9 - Alt 1, we also think
it’s useful to kick off a parallel discussion on how to indicate the FD basis of
the strongest coefficient for Mv>1. In our view, there are two options:
1. Introduce a new indicator for the FD basis of the strongest coefficient
2. Reuse a similar mechanism to that used in Rell6 in the presence of a window,
i.e. reporting of Minitial UE, which indicates the position of the window rela-
tive to Minitial _gNB (of Proposal 5-2), after aligning the strongest coefficient
with Minitial gNB.

5 Samsung Support Altl

R&D

Institute

UK

6 DO- Support Alt 2

COMO

Commu-

nications

Lab.
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Item| Com- Comments
pany

7 Guang- support Alt 1.
dong We don’t support taps searching (M=1,N>1). In our evaluation, in perfect
OPPO reciprocity, R17 show 16% gain compared with R16 regular CB . With small
Mobile residual delay error, e.g., only 1 Ts error common to all port, the performance of
Telecom. R17 is worse than R16 regular CB about -14% . The reason may be wideband

averaging is not robust even with small phase ramp, typically UE would not
average single large wideband channel coefficient. To support tap searching,
the simplest way is increasing density of CSI-RS to extremely high which would
unlikely happen. Alternatively, UE has to estimate delay by super-resolution
or large oversampling but it is more complicated than R16. Not all UE would
correct delay error, UE may follow R16 method so that absolute delay error does
not affect the performance. Thus, R17 would fallback to R16 PS if (M=1,N>1)
is configured to UE. Therefore, defining N >1 for M = 1 seems meaningless.

8 HUAWEI | [Mod] Given the input of Oppo for Alt 2, proponents for Alt 1 may need share
TECH- more technical analysis of Alt 1, e.g. similar with ZTE’s comments.

NOLO-
GIES Co.
Ltd.

9 HUAWEI | [Mod] Typo Given the input of Oppo for Alt 1, proponents for Alt 2 may
TECH- need share more technical analysis of Alt 2, e.g. similar with ZTE’s comments.
NOLO-

GIES Co.
Ltd.

10 Qual- Support Alt1.
comm Slight different opinion about N compared to Nokia, in our view, network may
Incorpo- not be able to know the timing offset, so the configured size-N window may
rated not help overcomming timing offset. The timing offset issue can be solved in

CSI-RS channel estimation phase by using the averge-delay inferred from TRS,
or solved in PMI searching phase via finding the best tap(s) for SVD. On the
other hand, the usage of size-N window is that it provides candidate Wf format,
e.g., for N=4, M = 2, Wf can be {0,1}, {0,2} and {0,3}; for N=M=2, Wf can
be {0,1}. So, wN>M may increases UE complexity in PMI searching, which is
also mentioned by some companies. Also, we agree with OPPO that N>M=1
seems redundant as the Wf candidate can be {0} only.

Regarding the strongest coefficient indication, we think some discussion is
needed. Reusing Rel-16 method maybe problematic for the following reason:
UE may firstly find window and secondly do SVD. For example M=2, N=4,
considering WT is layer-specific, the resultant Wf for layer 0 may be {0,1} and
Wf for layer 1 may be {0,3}. If the strongest coeff of layer 0 lies in FDO, while
strongest coeff of layer 1 lies in FD3, then after shifting strongest coeff to FDO,
the FD bases are {0,1} for layer 0, and {-3,0} for layer 1. As a result, UE needs
to report Mini=-3, but the window may not include FD basis 1 which is desired
by layer 0. In Rel-16, it is less concerned as UE may perform SVD in frequency
domain first, and secondly find window in delay domain.
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Item| Com- Comments
pany
11 vivo We support Alt 2 considering limited CSI-RS ports. We find performance gain

Mobile with a larger window size N for 8 CSI-RS ports.

Commu-

nication

Co.,

12 MediaTek | Prefer Alt 2.

Inc. Firstly, many companies show that Mv > 2 does not offer significant perfor-
mance benefits. Alt 1 with a higher value of N (e.g. N=4) will force the UE
to report coefficients for N=Mv=4 FD bases, resulting in feedback overhead
increase (size of bitmap for W2, which is K1*Myv increases). Secondly, in weak
delay reciprocity, all the N FD bases configured by gNB based on the uplink
channel may not be optimal for the UE in the downlink channel. Hence the
UE should be given an opportunity to report only Mv of the N strongest bases
observed by it.

13 Intel Cor- | Either Alt 1 or Alt 2 for Mv > 1 is fine with us. In our view, UE anyway will
poration do search of the best FD vector to avoid UL-DL timing misalignment (at least

SAS in some window of FD vectors with some oversampling). Hence, if FD vector
selection in Wf is layer-common the UE complexity of Alt. 1 and Alt. 2 is
similar.

For Mv = 1, N> 1 is not needed (i.e. Alt 1 is only applicable)
14 Ericsson We are fine with both alternatives
LM
15 Nokia @QC: regarding the strongest coefficient indication, one difference with Rell6

Germany | Mini mechanism is that it has to be layer-specific, whereas Mini was layer
common in Rel-16.

In the example you made with M=2 and N=4 a UE would report Mini_ UE=0

for layer 1 and Mini_ UE=-3 for layer 2
16 Qual- Re Nokia: layer-specific Mini seems that the window is layer-specific, so there
comm are multiple windows basically. I would be good to give a full picture of your

Incorpo- proposal regarding Wf (similar to our comment made in P5-1).

rated Question to Intel: would be good if you could elaborate why N > M is needed
if Wf is layer-common. Wouldn'’t it equivalent to N>M=1 case, and you think
it is not needed to define window for M=1.

17 Nokia Re QC: to be clear this discussion on "layer-specific” Mini has not to do with

Germany | this proposal or Proposal 5-1, but on what is needed to report the strongest

coefficient for each layer for M=2, so maybe we should wait for the FL to open
a new thread to avoid confusion. That’s why I used a different name Mini_ UE
because it’s nothing to do with Mini of Proposal 5-1. It’s the option 2. below of
two possible ways to address the reporting of the strongest coefficient for M=2
1. Introduce a new indicator for the FD basis of the strongest coefficient

2. Reuse a similar mechanism to that used in Rell6 in the presence of a window,
i.e. reporting of Minitial UE, which indicates the position of the window rela-
tive to Minitial_gNB (of Proposal 5-2), after aligning the strongest coefficient
with Minitial gNB.
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Revised Proposal 7: With regarding to the value of R for Rel-17 PS codebook
enhancement, study and down-select one Alternative in RAN1 105e:

->Alt0: R <1 (eg. 1/4, 1/2)
->Alt 1: R=1

->Alt 2: R=1 and 2

-S>Alt 3: R=1,2, 4, and 8

->Alt 4: R= {1,2,..., D*Nprp®?} whereas D is the density of CSI-RS in frequency
domain

Alt 0: Samsung

Alt 1: Apple, Qualcomm

Alt 2: Lenovo/MotM, Fraunhofer, LG

Alt 3: ZTE, Vivo

Alt 4: Ericsson, Intel, CATT, Oppo(Mv=1), Nokia/NSB, Vivo

[Mod] Samsung’s Alt 0 is added. Let us confirm alternatives and make a decision in RAN1 105e.

Feedback Form 8: Proposal 7

Item| Com- Comments
pany

1 Fraun- Re the value of R, firstly the value of R doesn’t result in any additional feedback
hofer overhead or complexity. Based on the legacy design, our first preference is Alt
I1S 2 as we also observe some performance gain when increasing the value of R

from 1 to 2. Further increasing the value of R from 2 to 4 results in a small
improvement.

On the other hand, we see R<1 (Alt0) problematic. When R<1, the precoder
is calculated on a highly down-sampled frequency domain channel. Such high
down-sampling leads to aliasing in the delay domain (Nyquist theorem) when
the channel has a larger delay spread and the calculated precoder will result in
a significant performance loss which is not desired. As the feedback overhead
and the complexity remains the same regardless of the value of R, we should
avoid considering R < 1 (Alt0). Finally, we are open to support other values of
R > 2 depending on the majority.

2 ZTE Cor- | We are okay to list the alternatives for further study.
poration

3 Apple Alt0, Alt 1
GmbH
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Item| Com- Comments
pany

4 Motorola | Support Alt 2
Mobility
UK Ltd.

5 Nokia Support Alt 4.

Germany | The maximum configurable value of R depends of the configured CSI-RS
density D according to the inequality: R<=D*N_PRB™SB, which simply
states that the number of RBs carrying CSI-RS in a PMI subband, given by
D*N_PRB™SB/R, must be larger than 1. In the simulated scenarios, we ob-
serve that throughput performance is best with equality, for R=D*N_PRB™SB
, i.e., when only one RB per PMI subband carries CSI-RS.

6 Samsung Support AltO and 1
R&D Fraunhofer: I think your understanding of implementing R<1 is different from
Institute us. In our view, R=1/2 means that PRBs comprising two CQ SBs correspond
UK to one PMI SB, similar to the meaning of R=2 (PRBs comprising one CQ SB

corresponds to two PMI SBs). There is no change in how the UE measures the
channel, it remains the same regardless of R value.

Re complexity argument, in our view, larger the value of R the more the com-
plexity is (since size of Wf changes).

7 HUAWEI | [Mod] Thanks for the input. More views are welcome
TECH-

NOLO-

GIES Co.

Ltd.

8 Qual- Support Altl, and prefer a wording change in title:
comm Revised Proposal 7: With regarding to the value of R for Rel-17 PS
Incorpo- codebook enhancement, study and down-select one Alternative and/or
rated its listed values in RAN1 105e:

Question to proponent of R=4: It seems R=2 is not needed if people want R=4.
All PMI subbands achieved by R=2 can be achieved by R=4. is it correct?
Quetsion to OPPO: M=1 turns Wf off, does R apply?

9 Guang- Re QC: thanks for point out. Has the length of one-vector agreed? If so, we
dong prefer to add M>1 in the main bullet. We don’t have perference on N3/R value
OPPO for M = 1 or Wf turn off. Our perference for M> 1 is Alt 1/Alt2 or Alt0,
Mobile since the benefit of M> 1 is unclear to us, no enhancement on granularity is
Telecom. preferred.

Also, we are fine with N>=M>1 in Proposal 6

10 MediaTek | Prefer Alt 1, but support to study the alternatives
Inc.

11 Intel Cor- | We don’t see any issue to support higher R (i.e.Alt 4). Il.e. overhead is the
poration same and complexity is similar
SAS So, question to proponents of lower R value: what is the issue to support higher

R?

12 Ericsson Support Alt.4

LM
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Item| Com- Comments
pany
13 Fraun- @SS: I think we are on the same page. The value of R does not have an effect
hofer on how the channel is measured rather it matters for the precoder calculation.
I1S Compared to R = 1, the number of subbands are reduced for R<1. Considering
smaller number of PMI subbands is nothing but down-sampling the channel
and down-sampling by a small R value (increasing subband size) may result in
aliasing (in the delay-domain) when the delay spread of the channel is large.
As a consequence, the calculated precoder results in a reduced performance.
14 Samsung | Fraunhofer: Good that we aligned on the 1st part (channel measurement). The
R&D 2nd part (PMI calculation) is based on the measured channel (which the same
Institute for all R values, even for WB PMI), and length of the FD basis vectors depends
UK on the number of PMI SBs, which in case of R < 1 is less than that for CQIL.
How channel measurements and smaller length FD basis vectors are used are up
to UE implementation, just like R>=1 case. Re perf loss, we actually observe
opposite, as shown in our updated Tdoc.
15 MediaTek | We can support both Alt0 and Altl after checked contribution from SS
Inc.

Revised Proposal 8: A bitmap for indication non-zero coefficients should be supported
for Ws with a compression coefficient beta<<=1 whereas

->FFS values of beta < 1

->FFS: whether/how such a bitmap can be absent for specific codebook configuration
parameters

->FFS: whether a bitmap is polarization-common or polarization-specific

[Mod] It seems that it is the majority view.

Feedback Form 9: Proposal 8

Item

Com-
pany

Comments

Qual-
comm
Incorpo-
rated

Better to include number of non-zero coefficient reporting in this proposal.

ZTE Cor-
poration

We are okay with this proposal.

HUAWEI
TECH-
NOLO-
GIES Co.
Ltd.

[Mod] @QC: can you suggest wording directly to see whether the group is ok?
I am flexible.

Apple
GmbH

Okay

17






Item| Com- Comments
pany
5 Motorola | We agree with QC that an indicator for non-zero coefficients should be jointly
Mobility considered with a bitmap, if supported. We suggest the following modified
UK Ltd. wording
Revised Proposal 8: A bitmap for indication non-zero coefficients
should be supported for W2 with a compression coefficient beta<=1
whereas
-> Reporting an indicator of the total number of non-zero coefficients
ts supported
->FFS values of beta < 1
->FFS: whether/how such a bitmap can be absent for specific code-
book configuration parameters
->FFS: whether a bitmap is polarization-common or polarization-
specific
6 Samsung Support with the following note...
R&D
Institute o Note: the supported beta values may depend on other parameters such
UK as P, K1, rank values etc...
Re reporting total #NZ coef, in our view, this is part of UCI design, but we
can fine with an FFS on this...
7 HUAWEI | [Mod] Given the input from QC/Lenovo/Samsung, here is revision with two
TECH- extra FFS:
NOLO- Revised Proposal 8: A bitmap for indication non-zero coefficients should be
GIES Co. | supported for W2 with a compression coefficient beta<=1 whereas
Ltd.
o FFS values of beta < 1
o FFS: whether/how such a bitmap can be absent for specific codebook con-
figuration parameters
o FFES: whether a bitmap is polarization-common or polarization-specific
o FFES: whether to report the total number of non-zero coefficients
o FFS: possible parameter combinations/dependence for beta with other
PS CB parameters.
8 Qual- Support Motorola’s wording and SS’s note. SS’s FFS is also ok.
comm
Incorpo-
rated
9 vivo We are fine.
Mobile
Commu-
nication
Co.,
10 MediaTek | Support the revised proposal
Inc.
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Item| Com- Comments
pany
11 Intel Cor- | We are OK with the revised proposal
poration
SAS

12 Ericsson Support revised
LM
13 Nokia Support
Germany

Revised Proposal 9: For the quantization of W coefficient, study following
Alternatives and down-select in RAN1 105e:

->Alt1: Reusing Rel-16 quantization mechanism for Rankl at least, which can be
summarized as following:

->->An indicator for the strongest coefficient
->-> Two polarization-specific reference amplitudes:

->->->for the polarization associated with the strongest coefficient, the reference
amplitude is not reported

->->->for the other polarization, reference amplitude is quantized to 4 bits
->->For coefficients other than the strongest coefficient

->->->differential amplitude is calculated relative to the associated polarization-specific
reference amplitude and quantized to 3 bits

->->->phase is quantized to 16PSK

->Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for
each non-zero coefficient

[Mod] It seems that it is the majority view. It is revised slightly according to QC with added “e.g.’s
in Alt2.

Feedback Form 10: Proposal 9

Item| Com- Comments
pany

1 ZTE Cor- | We are generally okay. But we should clarify in the main bullet that Alt 1,
poration which is used in Rel-16, should be the baseline.

For the quantization of W2 coefficient, study following Alternatives
and down-select in RAN1 105e, with Alt 1 as the baseline
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Item| Com- Comments
pany
2 HUAWEI | [Mod] QZTE From my perspective, I have no issue to consider Alt 1 as the

TECH- baseline as long as Proponents for Alt 2 are fine with that. Somehow I am

NOLO- exactly sure.

GIES Co.

Ltd.

3 Apple Okay, but it is too ambitious to finish this in this meeting.
GmbH

4 Motorola Support, however we prefer the original wording of the proposal without spec-
Mobility ifying Alt 1 as a baseline, since this seems to give implicit advantage to Alt 1
UK Ltd. already

5 Nokia Support Alt 1 and agree with ZTE’s proposal to have it as baseline.

Germany | As also commented in Proposal 6, within Alt 1, we think it’s useful to discuss
how to indicate the FD basis of the strongest coefficient for Mv>1. In our view,
there are two options:

1. Introduce a new indicator for the FD basis of the strongest coefficient
2. Reuse a similar mechanism to that used in Rell6 in the presence of a window,
i.e. reporting of Minitial UE, which indicates the position of the window rela-
tive to Minitial _gNB (of Proposal 5-2), after aligning the strongest coefficient
with Minitial gNB.

6 Samsung Re SCI, in our view, this is a separate issue, which can be discussed separately.

R&D Then, we would like to add a note:

Institute

UK e Other quantization schemes are not precluded, and will be considered if

they are found beneficial based on evaluation.
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Item| Com- Comments
pany
7 HUAWEI | [Mod] Given the input so far, it can be safer that we add a note as SS suggest,
TECH- Revised Proposal 9: For the quantization of W2 coefficient, study following
NOLO- Alternatives and down-select in RAN1 105e:
GIES Ceo.
Ltd. o Altl: Reusing Rel-16 quantization mechanism for Rank 1 at least, which
can be summarized as following:
— An indicator for the strongest coefficient
— Two polarization-specific reference amplitudes:
* for the polarization associated with the strongest coefficient, the
reference amplitude is not reported
* for the other polarization, reference amplitude is quantized to 4
bits
— For coefficients other than the strongest coeflicient
* differential amplitude is calculated relative to the associated
polarization-specific reference amplitude and quantized to 3 bits
* phase is quantized to 16PSK
o Alt2: Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quanti-
zation for each non-zero coeflicient
e Note: Other quantization schemes or enhancement on top of Alt 1 or Alt
2 are not precluded.
8 LG Elec- | We are fine with the proposal, and support ZTE’s suggestion.
tronics
Inc.
9 Qual- SCI can be discussed separately.
comm
Incorpo-
rated
10 vivo We are fine.
Mobile
Commu-
nication
Co.,
11 MediaTek | Support the revised proposal
Inc.
12 Intel Cor- | OK
poration
SAS
13 Ericsson ok
LM
14 Nokia ok
Germany

21






Item| Com- Comments
pany
15 Samsung More comments:
R&D
Institute e Agree with QCM that SCI is separate discussion
UK

e In Altl, we would like add a sub-alternative

— Altl-1: the ref amp ind = 0 which is reserved in R16, is replaced
with a new value.

e Alt 2: two FFSs

— FFS: amp codebook is uniform in db or linear scale

— FFS: 1 or 2 reference amp(s) and corresponding codebook

Proposal 10: For Rel-17 PS CB enhancement, a UE can be configured with a lower
CSI-RS density per CSI-RS resource (0.25) and/or multiple CSI-RS resources per CSI
reporting configuration.

->Whether to support CSI-RS density as 0.25 or multiple CSI-RS resource per CSI
reporting configuration is optional and are subject to UE capability

->FFS further restrictions # of CSI-RS resources and # of ports associated to
resources, e.g. total # of ports are less than 32.

[Mod] the view is extremely diverse based on the feedback and I can’t work out a feasible
compromise. If we can’t work it out, my recommendation is to go to Option 0, i.e. no further
CSI-RS enhancement for Rell7 PS codebook.

Feedback Form 11: Proposal 10

Item| Com- Comments
pany
1 Qual- option 0, no need to spend too much time on CSI-RS since there is no consensus.
comm
Incorpo-
rated
2 ZTE Cor- | We continue to support this proposal. We think CSI-RS overhead reduction is
poration crucial as Rel-17 codebook requires UE specific CSI-RS. Further, the CSI-RS
multiplexing flexibility is also important as gNB needs to multiplex multiple
UE’s CSI-RS in one slot. Re complexity issue from UE side, we think we
already have the CSI-RS triplets and CPU rules to contain the UE complexity.
Hence we should prevent UE with higher triplet values and number of CPUs to
implement this.
3 Apple We do not support CSI-RS enhancement.
GmbH There is no need for multiple CSI-RS resource for CMR

Lower density may impact performance
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Item| Com- Comments
pany

4 Motorola Agree with QC, Apple. We do not support CSI-RS enhancements
Mobility
UK Ltd.

5 Nokia We continue to support Option 1 (lower density of 0.25) and think the same
Germany | advantages as Option 3 (multiple CSI-RS resources) can be achieved by intro-

ducing a single new 4x8 pattern for 32 ports.

1. the max. number of UEs that can be scheduled per slot is increased from
2/D to 3/D , where D is the CSI-RS density

2. the number of ports that are processed per symbol is reduced from 8 to 4
We think reducing the impact of CSI-RS overhead is very important in Rell7
PS when scheduling multiple UEs simultaneously for CSI reports, each with its
own separate 32-port CSI-RS resource. This includes being able to schedule
enough UEs in a single slot.

6 HUAWEI | [Mod] Just wonder for proponents preferring Option 0, any second preference is
TECH- available? If the objection continue as it is, then it seems to me that there is no
NOLO- way to be compromised, although I thought initially companies (15 companies)
GIES Co. | seems to be more open for options 1 3 with different priority among options 1 3.
Ltd.

7 Qual- Not supportive. Given that it is out of original WID and we have spent plenty
comm of time on this issue, we suggest to conclude to option 0.

Incorpo-
rated

8 Qual- sorry for comment again, it seems an error ocurred one my side, all comments
comm are missing.
Incorpo-
rated

9 Spread- Prefer no enhancement. Changing the CSI-RS pattern or CSI resource config-
trum uration is not part of Rel-17 PS CB enhancement.

Communi- -
cations
10 CATT We support the proposal. The basic principle of Rel-17 PS codebook is that

the CSI-RS is beamformed in both spatial domain and frequency domain. The
trnasmission of CSI-RS is different from former releases, and we have to consider
this difference while designing the codebook. A proper mechanism to configure
and transmit the beamformed CSI-RS is important to the sucess of the Rel-17
PS codebook.

CSI-RS resource with large number of antenna ports in previous releases is
typically non-precoded. The non-precoded CSI-RS can be shared by UEs in
the same cell. But it is really difficult (if not impossible) for UEs to share
CSI-RS beamformed in both frequency domain and space domain. gNB needs
to configure individual CSI-RS resources for different UEs. It is desirable that
these CSI-RS resources are configured in as less slot as possible to reduce gNB
power consumption. The proposal provides a solution for gNB to configure as
much as possible CSI-RS resources in a slot, and is important for deployment
of Rel-17 PS codebook.
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Item| Com- Comments
pany

11 Intel Cor- | We are supportive to CSI-RS with lower density considering the SLS evaluation
poration results.

SAS For configuration with multiple CSI-RS resources, we see the benefit and agree
to support it in principle, however we would like to add FFS on the details how
it can be achieved.

FFS: how configuration of multiple CSI-RS resources is achieved
This FFS is needed because we see some problems with UE capability design if
we simply configure multiple CSI-RS resources like in Rel. 15/16 since resources
and ports will be wrongly counted. In our view cleaner way is to configure CSI-
RS pattern constructed from multiple resources.

12 MediaTek | Prefer using the same CSI-RS as Rel-15 and Rel-16 port selection codebooks

Inc. and do not support any enhancement.

13 Qual- We understand the concern is CSI-RS overhead. Althought not our preference,
comm open to consider density 0.25 for low delay-spread case if agreeable.

Incorpo-

rated

3 Conclusions
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