3GPP TSG RAN WG1 #111			R1-2212029
Toulouse, France, November 14th – 18th, 2022

[bookmark: Source]Agenda item:	9.1.2
Source: 	Moderator (Samsung)
[bookmark: _GoBack]Title: 	Summary of OFFLINE discussion on Rel-18 MIMO CSI 
[bookmark: DocumentFor]Document for:	Discussion and Decision



Priority for RAN1#111 
	
	Issue
	Topic

	1
	Type-II CJT 
	Ln determination scheme

	2
	
	W2 quantization:  working assumption on Alt3, extension to N=3,4

	3
	
	Codebook parameters: candidates of value (apart from parameter combination optimization)

	4
	
	Details for mode-1/2: co-scale or not, FD basis offset

	5
	
	NNZC and bitmap design: exact design with potential overhead reduction

	6
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	7
	
	DD unit: PMI only vs PMI+CQI

	8
	
	DD codebook (Q, N4, d) & UE-side prediction (W_CSI, delta, K, m) parameters: candidates of value (apart from parameter combination optimization)

	9
	
	Codebook structure: with vs without rotation factors 

	10
	
	NNZC and bitmap design: Alt1 vs Alt2, overhead reduction

	11
	TDCP
	TDCP parameter(s): finalize down-selection of parameter type 

	
	
	



(*) For Type-II Doppler, # CQIs and #W2s will be discussed as a part of UCI details 

On issue 5, explanation from vivo on Alt2:
· Illustrative Example 1: For a CSI-RS resource n<=N, a selected FD basis f1 and a selected SD basis s1, the bitmap includes bits associated with the set of {(f1, s1)} with d(f1, s1)<=d_n, where d_n can be a fixed value or configured by gNB, d(f1, s1) = min(|f1-f0|, Mv-|f1-f0|) + min(|s1-s0|, Ln - |s1-s0|), s0 and f0 denotes a reference SD basis and a reference FD basis, respectively.
· Illustrative Example 2: For a CSI-RS resource n<=N, the bitmap length is 2Ln- k * d for a selected FD basis f1, where k denotes a scaling value (fixed or configured by gNB), d = min(|f1-f0|, Mv-|f1-f0|), and f0 denotes a reference FD basis.

1. Type-II CJT

	
	Issue
	Topic

	1
	Type-II CJT 
	Ln determination scheme

	2
	
	W2 quantization:  working assumption on Alt3, extension to N=3,4

	3
	
	Codebook parameters: candidates of value (apart from parameter combination optimization)

	4
	
	Details for mode-1/2: co-scale or not, FD basis offset

	5
	
	NNZC and bitmap design: exact design with potential overhead reduction



[bookmark: _Hlk118295807]
Table 1A Type-II CJT: issues
	Topic
	Moderator comments and proposals
	Relevant agreements

	3
	The following values are supported in the legacy spec (apart from inter-dependence due to supported Parameter Combination):
· R: 1, 2 (with 2 optional)
· pv (Rel-16):
· v=1,2: ¼, ½ 
· v=3,4: 1/8, ¼ 
· : 
· Rel-16: ¼, ½, ¾ 
· Rel-17: ½, ¾, 1
Per WID, since the CJT codebook is refinement (not overhaul) of the legacy Type-II codebooks, the baseline would be to completely follow the legacy spec. Therefore,
· Unless there is some consensus in removing a certain supported value from the legacy spec, the value will stay for Rel-18 CJT codebook. 
· Likewise, consensus is needed to add a new value (it is assumed that the proponents have a compelling technical evidence on the benefit)

Question 1.1: Please share your view on the proposals listed in Table 1B (from ROUND 3) or add another proposal you may have


	[110bis-e] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource, the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification: 
· N1, N2, N3, O1, O2 
· M (only for design based on Rel-17 PS FeType-II)
For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification or further refinement is needed: 
· R: including, e.g. supporting only R=1, or supporting larger R values
· Mv/pv (Rel-16 regular eType-II): including, e.g. supporting smaller pv values such as {1/8, 1/4, 1/2} for v=1,2 and/or removing larger legacy value(s)
· : including, e.g. supporting smaller values such as {1/16, 1/8, 3/8} 
Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter value(s)
FFS: For N>1, whether the maximum 2N1N2 (identical to the number of CSI-RS ports used for CMR) is limited to 32 just as in legacy specification


	4
	Question 1.2: Regarding the additional per-CSI-RS-resource amplitude scaling and/or co-phasing (termed “co-scaling” as a shorthand for discussion purposes), should an explicit co-scaling (with separate alphabet set(s)) be supported as a new PMI component for:
· Mode 1?
· Mode 2?
Explain your rationale.


Co-scaling for Mode 1:
· Yes:
· No: Samsung, ZTE, Apple, vivo, DOCOMO, Qualcomm, CMCC, Spreadtrum, CATT, MediaTek, Huawei/HiSi

Co-scaling for Mode 2:
· Yes:
· No: Samsung, ZTE, Apple, vivo, DOCOMO, Qualcomm, CMCC, Spreadtrum, CATT, MediaTek, Huawei/HiSi

	[110] Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s

[110bis-e] Agreement
For the Rel-18 Type-II codebook for CJT mTRP, for mode-1, the number of FD basis vectors (Mv related to pv for Rel-16, M for Rel-17) is common across all N CSI-RS resources

	
	To unify mode-1 and mode-2, some companies have proposed to introduce per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) on mode-1 to implement independent FD basis selection across N CSI-RS resources. This offset is applied to a selected FD basis set common to all N CSI-RS resources. An example formulation is:  where  is the FD basis selection offset relative to a reference CSI-RS resource  with 

From RAN1#110bis-e:
· Support/fine: ZTE, Xiaomi, Fraunhofer IIS/HHI, Nokia/NSB, Samsung, Intel, AT&T, DOCOMO, Spreadtrum, CMCC, CATT
· Not support: Apple, vivo, Huawei/HiSi

Note: It has been agreed that for mode-1 M/Mv is common across N CSI-RS resources

Question 1.3:  Please share your view on the above proposal for mode 1.

	




Table 1B Type-II CJT: parameters
	Parameter
	Proposal {rationale}
	Companies views

	R
	Remove R=2 {overhead reduction}
	Support/fine: Apple, Samsung, DOCOMO, 

Concern: Qualcomm, ZTE, Intel, CMCC, Huawei/HiSi

	
	Add larger R values {increased frequency selectivity in CJT}
	Support/fine: NEC, Huawei, HiSi

Concern: Qualcomm, ZTE (layer-common and TRP-specific Delay offset), vivo, CMCC, OPPO, MediaTek

	
	Add  = 1/16 for Rel-16-based 
{overhead reduction}
	Support/fine: vivo, DOCOMO, Intel, CMCC, CATT, OPPO

Concern: Samsung, Huawei, HiSi

	
	Add  = 1/8 for Rel-16-based
{overhead reduction}
	Support/fine: vivo, MediaTek, DOCOMO, Intel, CMCC, CATT, OPPO

Concern: Samsung

	
	Add  = 3/8 for Rel-16-based
{more granularity?}
	Support/fine: MediaTek

Concern:

	pv
	Add pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
{overhead reduction}
	Support/fine: MediaTek, Samsung, DOCOMO, Intel, CMCC, CATT, OPPO

Concern:

	
	Remove pv = ½ for v=1,2 (hence ¼ for v=3,4)
{overhead reduction}
	Support/fine: Samsung, DOCOMO, CATT

Concern: ZTE, Huawei/HiSi

	2NN1N2
	Limit max(2NN1N2) to 32
{overhead reduction, limit UE complexity}

Note: max(2N1N2) = 32 is unchanged
	Limit to 32:
· Support/fine: Qualcomm, MediaTek, vivo, Spreadtrum, OPPO
· Concern: ZTE, Samsung, Intel (UE cap issue), CATT, Huawei/HiSi
Limit to 64:
· Support/fine: Samsung (2nd pref)
· Concern: vivo, Intel (UE cap issue), CATT, Huawei/HiSi
No limit (max=128):
· Support/fine: Samsung, Intel, CATT, Huawei/HiSi
· Concern: vivo




Table 1C Type-II CJT: Offline proposals
	
Offline conclusion 1.C.1: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter R, there is no consensus on changing the supported value(s) from the legacy specification.

Support/fine: MediaTek, OPPO, ZTE, Xiaomi, vivo, Fraunhofer IIS/HHI, Qualcomm, Samsung, vivo, CMCC, OPPO, Intel, DOCOMO, Apple, AT&T, NEC, Ericsson, Lenovo, Google, Spreadtrum, Nokia/NSB, 

Not support: Huawei/HiSi

FL Note: This is a conclusion merely stating a fact that any proposal on changing the candidate R values from legacy raises serious concern (cf. Table 1B). Hence, following the WID (that Rel-18 Type-II CJT is a “refinement” over legacy, not “overhaul”), the set of candidates values doesn’t change. While it is understood that some companies may not be happy or supportive, raising serious concern on this conclusion isn’t logically and procedurally valid/sound 


	
Offline proposal 1.C.2: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , introduce as a candidate value  = 1/8 in addition to the supported value(s) from the legacy specification.
· FFS (by RAN1#111): whether additional value(s) 3/8 and/or 1 can also be added

Support/fine: MediaTek, vivo, Samsung, OPPO, [ZTE], Xiaomi, Fraunhofer IIS/HHI, DOCOMO, Intel, CMCC, CATT, Apple (not object), AT&T, NEC, Ericsson, Lenovo, Google, Spreadtrum, Nokia/NSB,

Not support: 

FL Note: Re proposal 1.C.2, although I understand Samsung’s concern on adding 2 smaller  values, adding one smaller  value can also be helpful when used in combination with the smaller pv value. I hope Samsung can compromise with only =1/8 (=1/16 not included)


	
Offline proposal 1.C.3: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook, introduce as a candidate value
· pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
· [pv = 1/2 for v=1,2,3,4]
FFS (by RAN1#111): whether additional value pv = 1/2 for v=1,2,3,4 can also be added

Support/fine: MediaTek, vivo, Samsung, OPPO, [ZTE], Xiaomi, Fraunhofer IIS/HHI, DOCOMO, Intel, CMCC, CATT, Apple (not object), AT&T, NEC, Ericsson, Lenovo, Google, Spreadtrum, Nokia/NSB,

Not support: 

FL Note: Re pv=1/2 for v=1,2,3,4, a number of companies have raised strong concern due to excessive overhead for v=3,4 (MediaTek, Lenovo, Samsung, Xiaomi). Also a number of companies haven’t evaluated this and requested more time because, unlike pv=1/8, 1/16, it is new. 
So the best I can do to accommodate ZTE is to place it under FFS and give ZTE time to convince those companies during the RAN1 meeting. But delaying 1.C.3 altogether just for the sake of pv=1/2 v=1,2,3,4 doesn’t seem proper.


	
Offline conclusion 1.C.4: On the Type-II codebook refinement for CJT mTRP:
· Following the legacy specification on the maximum number of NZP CSI-RS ports per CSI-RS resource, the maximum value of 2N1N2 is 32.
· There is no consensus on further restricting the maximum value of 2NN1N2 (other than the implied value of 128 from the maximum N value of 4)
· Note: UE capability on the maximum value of 2NN1N2 will be discussed separately, with the legacy basic feature as a starting point for the basic feature of Rel-18 Type-II CJT codebook

Support/fine: MediaTek, OPPO, ZTE, Xiaomi, Huawei/HiSi, Samsung, Intel, CATT, Spreadtrum, [Apple], AT&T, NEC, Ericsson, DOCOMO, Google, Nokia/NSB,

Not support: vivo, Lenovo


FL Note: This is a conclusion merely stating a fact of no consensus on the second bullet point. It is true that 2NN1N2>32 requires extension on the length of DFT vectors in the codebook. At the same time, Rel-17 NCJT codebook doesn’t include restriction other than what’s implied by the max # TRPs (2 in that case).


	
Offline conclusion 1.D: On the Type-II codebook refinement for CJT mTRP, for mode-1 and mode-2, there is no consensus on introducing additional/explicit per-CSI-RS-resource amplitude scaling and/or co-phase (with separate alphabet set(s)) as additional PMI component(s).
· Note: This conclusion has no impact on the Working Assumption reached in RAN1#110bis-e regarding W2 quantization group

Support/fine: MediaTek, OPPO, ZTE, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, AT&T, NEC, Ericsson, Lenovo, DOCOMO, Google, Spreadtrum, Nokia/NSB,

Not support: 

FL Note: This is a conclusion merely stating a fact that there is no consensus, hence no support. While it is understood that some companies may not be happy or supportive, raising concern on this conclusion isn’t logically and procedurally valid/sound 


	
Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the commonly selected FD basis set.
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each of the N selected FD basis sets 
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates.
For all the above alternatives, the legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources

Support/fine: MediaTek, Xiaomi, Fraunhofer IIS/HHI, ZTE, Nokia/NSB, Samsung, Intel, AT&T, DOCOMO, Spreadtrum, CMCC, CATT, [Huawei/HiSi], Apple, AT&T, [NEC], [Qualcomm], [Ericsson], Lenovo, Google, OPPO, Nokia/NSB,

Not support:


FL Note: To decide this issue, SLS (UPT vs overhead) is needed. Since this scheme is studied by only a small number of companies, despite the general acceptance, it is better to defer decision on this topic to RAN1#112.







Table 2 Type-II CJT: inputs from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 1A/B

	Samsung
	Question 1.1
· We prefer small values of  (such as adding  and removing ) to reduce overhead, while maintaining the legacy values of . We think small  such as 1/16 and 1/8 is not useful since it allows only few NZC selection and can result in some of selected FD (or SD) vectors are not contributed to the linear combination (i.e., no NZC associated with some selected FD (or SD) vectors). Hence, rather than small , we prefer small  (and ) to control overhead, with the legacy  value candidates.
· We also prefer to remove R=2 for overhead reduction.
· On the limit , we prefer to have max(2NN1N2)=128 (1st preference) or 64 (2nd preference).
Question 1.2
· Co-scaling is not needed for both Mode 1 and Mode 2 since it can be absorbed in W2 quantization. Also, from our SLS results, we have shown that co-scaling does not give any benefit in UPT performance but incurs extra-overhead. 
Question 1.3
· We can be supportive of this proposal. We have observed no performance loss from using this scheme to implement per-TRP FD basis selection.


	ZTE
	Question 1.1
· Regarding value of Pv, we identify a clear requirement for using large value(s) of  (for RANK1/2) and  (for RANK3/4) and beta = 3/4(R16) and 1(R17) for guaranteeing MU-MIMO performance. Therefore, we prefer to maintain the legacy configuration parameter, and further study the other values improving MU-MIMO performance.
· Then, regarding R, we prefer to have R=2, but we do NOT think that adding larger R value is needed (if PRG size is not changed). Instead, we need to further consider how to individually report layer-common and TRP-specific Delay offset information. In such case, CSI is calculated based on the assumption that pre-compensation for the delay offset is done.
Question 1.2
· It has been well considered in the number of reference group in W2 (Alt1 vs Alt3). For Alt3, we observe that, through per-TRP per polarization quantization, the quantization error for value of W2 can be reduced significantly. Then, we may only need to consider to confirm the WA of last meeting. 
· We support this proposal in principle. The last sentence of ‘This offset is applied to a selected FD basis set common to all N CSI-RS resources’ is a little bit confusing and should be removed? For mode-1, the previous description is clear, and for mode-2, we may not need to further consider the offset issue (up to implementation).
[Mod: Indeed, I added a mathematical description, thanks for the good comment] 

	Apple
	Question 1.1
· Our first preference is to remove R=2 since it is not useful from implementation perspective. But we are also fine to follow the same parameter set design as legacy assuming R=2 is optional as legacy.
Question 1.2
· We do not see a clear need for co-scaling for neither mode 1 nor mode 2
Question 1.3
· In our view, introducing FD basis selection offset can be used to handle the case when different TRPs are received with different propagation delay, since time domain delay is frequency domain phase ramp. 
· However, TRP independent FD basis selection can also because of the different delay profile, e.g., delay spread due to different propagation condition from different TRP. 
· The question is whether we support more generic indepdent FD basis selection or limit to only handling the propagation delay difference assuming the delay spread is always roughly the same

	vivo
	Question 1.1
· For R, it is okay to reuse the two values in Rel-16.
· For max(2NN1N2), we think it is important to limit it as 32 as this is the same limit as in the legacy codebook.

Question 1.2 
· We don’t support co-scaling as it is absorbed in the W2 coefficients. 

Question 1.3
We don’t see the need to have a common set and resource-specific offset for Mode 1 as we have already agreed FD basis is independently selected for Mode 1.
[Mod: This is similar to the rotation factor issue for Doppler (as Nokia pointed out 2 weeks ago). As vivo understandably argued, rotation factor would make the DD basis not common across different SD basis vectors even if the set of DD selected basis vectors is common for different SD basis vectors.
In this case, the independent FD basis selection is simply reduced to the independent selection of the FD basis offsets across TRPs]

	NTT DOCOMO
	Question 1.1
· The FL’s proposal on parameter refinement is good and reasonable.
· We prefer to support R=1 only.
· We prefer to remove certain large values for .
· We’re open to support smaller values for and .
Question 1.2
· We share similar view with SS that explicit co-scaling is not needed as amplitude scaling and/or co-phasing can be conveyed in W2.
Question 1.3
The most flexible independent FD basis selection is not needed. We can be supportive of such simplified design.

	Qualcomm
	Question 1.1
Regarding R=2 (optional UE feature in legacy), actually we don’t have big concern on removing it, since it is beneficial from UE complexity perspective.
However, since one main issue for mTRP over sTRP is larger delay spread with more severe freq-selectivity, removing R=2 (then larger subband size for the remaining R=1) seems going an opposite way. – Even if we can study frequency-rotation (CDD) to compensate TRP-relative delay offset, it would not reduce the delay spread of each sTRP.
Therefore, reuse legacy sTRP’s R=1 or 2 seems more natural (OK to keep us as a concern company on removing R=2)
Question 1.2
For a general deployment scenario, co-phase is not needed.
Co-phase can be studied for multi-panel scenario, something like extending Rel-15 Type-I MP, to Type-II
Question 1.3
Current description on the relative FD index offset seems to have richer information than Round0 of last 110bis-e meeting. According to current description above question 1.3, it also hints correlated/shared FD selection across TRPs, which has not been evaluated by us – therefore, removed us from support company.
BTW, we still think relative FD index offset report can be useful (not under this context of correlated FD selection), e.g. the FD window location report (Minitial) for other N-1 TRPs may need this relative FD index offset relative to SCI-TRP

	CMCC
	Question 1.1
· We prefer keep the legacy R value. R = 1 or 2 is enough.
· For  and  we are OK for adding some new values to further reduce overhead.
Question 1.2
· We don’t see the need of introducing co-scaling as it has already been absorbed in W2 coefficients.
Question 1.3
We are OK for this proposal to further reduce overhead to get a good trade-off between UPT and overhead.

	Spreadtrum
	Question 1.1: 
We are OK to completely follow the legacy spec as baseline. 
For the FFS on the total number of CSI-RS ports across TRPs, we support to have the limitation of no more than 32.
Question 1.2:
Regarding co-phasing, we think it is not needed because RAN1 has agreed to support only one reference phase. All the other phases can be quantified with regarding to the same reference phase.
Regarding amplitude scaling, if Alt3 of W2 quantization grouping is confirmed, there will be one reference amplitude per polarization for each TRP. gNB can determine whether to configure Alt1 or Alt3, depending on the power difference among TRPs. Therefore, amplitude scaling is not needed.
Question 1.3:
We support to introduce per-CSI-RS-resource FD basis selection offset, at least for mode 1. The purpose of the offset is to align the starting of FD basis windows across all TRPs. Without the offset, UE has to report FD basis window for each CSI-RS-resource.

	Intel
	Question 1.1:
· We don’t support to remove R = 2 which can be a good tradeoff between the higher frequency-selectivity (especially for inter-site CJT scenario) and UE complexity. 
· We are open for discussion to introduce lower pv and beta values if it is justified by simulation results
· The maximum number of CSI-RS ports can be controlled by UE capability, there is no strong need to introduce limitation of 32 ports in specification. 
Question 1.2
· Co-phasing is not needed. Co-scaling is covered by agreement and WA on groups for amplitude quantization and SCI.
Question 1.3
· In our view the definition of per-CSI-RS-resource FD basis selection offset should be clarified. It is not clear whether the offset can include only orthogonal FD basis vectors, or some oversampling (rotation factor) can be assumed. 
[Mod: I added a mathematical description, thanks for the good comment]

	Mod V12
	Added proposals 1.C.1-4 and conclusion 1.D
Also added clarification on question 1.3

	LG
	Question 1.2
· Co-scaling can be conveyed in W2.
Question 1.3
· We are not sure how much performance can be achieved with this proposal compared with fully independent FD basis selection. We understand there is feedback overhead saving with this approach but performance degradation aspect need to be carefully investigated. We don’t support to introduce offset based approach.

	CATT
	Question 1.1
· : We support to select smaller values for and  to reduce overhead.
· R: We prefer R=1, 2 at least as legacy, and we are open to discuss lager values for .
· 2NN1N2: We do not support to limit max (2NN1N2) to 32. Since there are usually 32-port gNB deployments in the existing NR system, no restriction should be added on the total number of ports across all resources in order to efficiently achieve CJT enhancement through reusing the existing gNB deployments.
Question 1.2
· We also think explicit co-scaling is not needed because it can be incorporated in the W2 coefficients. 
Question 1.3
· Since independent FD basis selection for mode 1 has been supported and only the number of FD basis vectors (not the selection of FD basis vectors) is common across all N CSI-RS resources, the common set in the last sentence is also confusing to us. But we are open to discuss the FD basis offset to achieve implicit co-phasing information.

	Mod V15
	Moved offline proposals to Table 1C

Please check Tables 1A, 1B, and 1C and share your input, if any

	MediaTek
	Question 1.1
Regarding R=2, we are fine to keep it as UE optional feature. For larger values, we have concern on UE complexity, therefore, added our concern in the table.
Regarding  values, we believe one of the ways to handle higher frequency selectivity in mTRP would be to allow higher values of  . Therefore, legacy values could be retained. We are also OK to add smaller values to reduce overhead.
Regarding  values, we believe a lower value than legacy (e.g.  ) could definitely be beneficial.
Regarding the value of 2NN1N2, we think that 2NN1N2>32 should be UE optional.

Question 1.2
We don’t think a co-scaling is needed for either of the modes, as they can be absorbed in W2 coefficients as pointed by other companies as well.

Conclusion 1.C.1
Support

Proposal 1.C.2
Support in general. Perhaps it also benefits to consider other values of beta (e.g. 3/8) compared to legacy, especially considering our concern on pv values below.
[Mod: Added FFS on this – I cannot add at this point since this isn’t proposed by a number of companies. We will finalize this in RAN1#111]

Proposal 1.C.3
Support in general, with the only concern that pv = 1/8 would result in only 1 or 2 FD bases being selected for common subband sizes, resulting in a near wideband PMI). And given that many companies think that there would be more frequency selectivity in the CJT scenario, this value might be unusable. To reduce overhead, we think that jointly considering SD-FD bases by way of NZC could be more beneficial.
[Mod: Please check Samsung reply below which should address your point. The overhead saving targets larger PRB allocation commonly used for Type-II (esp MU application). Since Rel-16, we address most corner cases you pointed out by NW implementation to avoid complex exception rules in the spec]

Conclusion 1.C.4
Support, with the UE capability discussion later.

Conclusion 1.D
Support

Question 1.3
In general, we are supportive of ways to unify Mode 1 and Mode 2, and we think per TRP FD basis offset is a good direction towards this. However, we have not observed any convincing evaluation result regarding this proposal so far.
[Mod: Fully agree. Added proposal 1.D.2]

	OPPO
	Question 1.1:
Considering the CSI overhead would significantly increase for CJT, a smaller value of Mv,/pv and can be considered to restrict the overhead. With a smaller value, it is possible that the feedback overhead can be comparable with legacy without large performance loss.
Question 1.2:
We do not see a need for co-scaling for both mode 1 nor mode 2.

We are fine with proposal 1.C.1-3 and 1.D. For 1.C.4, we  are fine if this issue will be discussed in UE feature. 

	ZTE
	Support Offline conclusion 1.C.1/1.C4/1.D

Then, regarding proposal 1.C.2/3, since now, introducing  = 1/8 and pv = 1/8 may not be well justified, e.g., by simulation evaluation, and so we may need to further study the significant performance loss of having them (although having overhead reduction). Similar concerns as Samsung. On the contrary, we have observed a clear performance gap even for PC1. Therefore, we may much case about performance gains having a large number of  and pv. We prefer to at least have  = 1 for Rel-16 and pv = ½ for v=3,4 for Rel-16, based on our results, especially for pv = ½ for v=3,4. 
[Mod: Added FFS on this – I cannot add at this point since this isn’t proposed by a number of companies. We will finalize this in RAN1#111. Since I added FFS on this I hope ZTE can support the proposal.]

Please review some results from our side.
For 32T per TRP
[image: ]

[image: ]

For 8T per TRP
[image: ]
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	Samsung
	Re Proposals 1.C.2 and 1.C.3,
· For overhead reduction (low-overhead regime), either small value of  or  is needed. Based on our SLS results below, it is identified that R16 ParaComb table with small value of  outperforms R16 ParaComb table with small value of .  This is because small beta such as 1/16,1/8 can result in no NZC selection associated some of FD/SD vectors, which turns out redundancy (2~5% UPT loss). Our preference is to have both  and   since  already incurs large overhead. But we can be OK to support proposal 1.C.3. 
· Re ZTE SLS results, the overhead is not considered. Large value of  such as 1 for R16-based CJT CB incurs huge overhead, hence we don’t support adding .



R16 ParaComb w/ new small 
	ParaComb
	L
	Mv
	beta

	1
	2
	4 (pv=1/4)
	0.0625

	2
	2
	4 (pv=1/4)
	0.125

	3
	4
	4 (pv=1/4)
	0.0625

	4
	4
	4 (pv=1/4)
	0.125

	5
	4
	4 (pv=1/4)
	0.0625

	6
	4
	7 (pv=1/2)
	0.125



R16 ParaComb w/ new small 
	ParaComb
	L
	Mv
	beta

	1
	2
	1 (pv=1/16)
	0.25

	2
	2
	1 (pv=1/16)
	0.50

	3
	4
	1 (pv=1/16)
	0.25

	4
	4
	1 (pv=1/16)
	0.50

	5
	4
	1 (pv=1/8)
	0.75

	6
	4
	2 (pv=1/8)
	0.50

	7
	4
	2 (pv=1/8)
	0.75





	Huawei, HiSilicon
	For proposal 1.C.1, we don’t support the proposal. We support at least the legacy values, but the larger R values should be further studied. As we think larger R is also a potential solution to large delay spread introduced by multi TRP transmission. We propose to discuss this together with other solutions, e.g., delay difference reporting or per-RB delay difference compensation/shift, to address the issue of larger delay difference. 
[Mod: 1.C.1 is not a proposal, but a conclusion stating the fact that there is no consensus to change. If only 1-2 companies have this concern, perhaps it is still doable. However, too many companies raise serious concern with larger R values.  
I will not complicate the discussion with combining this with other unrelated topics on the need for new PMI components. This is neither constructive nor helpful 
Since this conclusion is just a fact, there is nothing really one can disagree and the natural outcome is to keep the same candidate values.] 

For Question 1.2, as there has been groups for phase/amplitude reporting, no further co-scaling is needed.

For Question 1.3, we support to have the FD basis selection offset reporting at least for mode-1. However, there is some confusion with the sentence “This offset is applied to a selected FD basis set common to all N CSI-RS resources.”. From the description, there can be two interpretations:
· Interpretation 1: after the FD basis offset shift, the selected FD basis for each TRP is still different, although they are concentrated at a small range. E.g., after Wf basis shift, the Wf index is from 0 to 7, while UE still be able to report different Wf basis for different TRPs, such as Wf index 0,1,3,5 for TRP1, and Wf index 0, 2, 4, 6 for TRP2.
· Interpretation 2: after the FD basis offset shift, the selected FD basis for each TRP is the same. E.g., after Wf basis shift, UE will use Wf index 0,1,2,3 for all TRPs.
From the previous agreement and discussion there, we think interpretation 1 should be motivation for mode-1. Hope this can be clarified.
[Mod: It is actually “interpretation 2”. In “interpretation 1” there is no point of adding FD basis offset at all since W_f,n can already be selected independently across TRPs. Adding FD basis offset simply increases overhead without any UPT gain.
Please check the new proposal 1.D.2. It’s quite clear that “interpretation 1” will perform the same as Alt2 but result in more overhead]


	Xiaomi
	Conclusion 1.C.1, proposal 1.C.2 & 1.C.3, support.
Conclusion 1.C.4, we are fine with it to be discussed in UE feature.
Conclusion 1.D: support since co-scaling can be covered by Alt 3 in working assumption.

Question 1.3: the independent selection on FD basis for each TRP has been supported, and our initial motivation to support the FD basis selection offset is to support the offset of the Minitial, not means to support a selected FD basis set common to all N CSI-RS resources. We know that can reduce the signaling overhead, but we don’t know how much performance loss will be resulted in. 
[Mod: Agree, I added proposal 1.D.2 for down selection]

	vivo
	Offline conclusion 1.C.1: 
OK

Offline proposal 1.C.2 and Offline proposal 1.C.3: 
We are okay to introduce these two new values. Based on our initial evaluation results, to add these two values are technically correct to cover the low-overhead range. As we can observe below, the two highlighted points, which require adding beta=1/8 and pv= 1/8, are superior to other configurations in low-overhead region. 
[image: ]

Offline conclusion 1.C.4: 
We don’t support the second bullet. The current spec only allows to have a codebook search for maximum 32 ports. In CJT CSI enhancement, the codebook search is defined across multiple resources, i.e., 2NN1N2 has same definition as 2N1N2 legacy spec as this is the dimension on which the codebook is defined. Hence the baseline should be max(2NN1N2) =32, and any extension to increase this value needs justification and consensus. 
[Mod: The conclusion is simply stating the fact. Agreed re the dimension, but this only impacts the SD DFT vector length, and it has no impact on other parameters. 
To alleviate your concern I added “basic feature” issue which should be a natural outcome analogous to Rel-17 NCJT codebook]
Offline conclusion 1.D: 
OK

	ZTE3
	Thanks for Samsung’s comments. Please find our further input considering report overhead. If having Pv=1/2 for v=3,4, we can observe a clear performance gain (e.g., ~16% for 32T and ~10% for 8T, i.e., PC9 vs PC1).
[image: ][image: ]


[image: ][image: ]

Technical speaking, the main performance gain for CJT (distributed MIMO) is from supporting higher RANK transmission (RANK 3~4). Please review the following distribution for RANK in sTRP and CJT. So, Pv=1/2 for v=3,4 is deserved even with some report overhead.
 
[image: ]
[Mod: It is important to ensure that the resulting overhead is not so excessive (most of the time, complete CSI can be reported in one PUSCH slot with enough channel coding gain) that every time this parameter combination (you suggested for higher rank with marginal FD compression) is used, CSI dropping rule (cf. 38.214 on CSI priority rule for Type-II) is invoked thereby leaving out a big part of the UCI unreported. Then the alleged gain you expect will disappear since the gNB can’t acquire complete CSI]

	Fraunhofer IIS/Fraunhofer HHI
	Topic 3
· We support offline conclusion 1.C.1. As we mentioned earlier, the number of subbands are critical for the functioning of this codebook especially in inter-site CJT scenarios. As the delay spread is larger for CJT compared to the single-TRP Rel. 16 CB, a small number of subbands (for example 13) can result in large aliasing of the channels associated with the cooperating TRPs which results in a large performance loss. This is what we observed more frequently in our evaluations. 

· Support offline conclusion 1.C.2 and 1.C.3. Re  and , we are okay supporting smaller values than baseline for overhead reduction.

Topic 4
· Explicit reporting of co-scaling/co-phasing amplitudes is not needed for both modes. 

· In our understanding, FD basis offset reporting is used to align the PDP of all cooperating TRPs so that FD basis selection per TRP can be conditioned on a window of size N3', similar to what we have in the R16 CB where N3'≪N3. In this way, performance can be guaranteed and overhead for FD basis reporting per TRP is largely reduced. From the description, “This offset is applied to a selected FD basis set common to all N CSI-RS resources.” is confusing (as also pointed out by Huawei, Catt, etc.,). After shifting there is no guarantee that the strongest Mv FD basis components per TRP are identical and agreeing on common FD basis selection across all TRPs may result in performance degradation. Therefore, common or independent basis selection across TRPs should be further studied.


	Mod V25
	Revised proposals in Table 1C per input. 
Added proposal 1.D.2 for mode-1

	Apple
	conclusion 1.C.1: We are fine

proposal 1.C.2: We prefer to first agree on the total number of parameter sets. 

proposal 1.C.3: We prefer to first agree on the total number of parameter sets. 
[Mod: We will address the number of supported parameter combinations in the next meeting once the candidates values are resolved]

proposal 1.C.4: We do not agree with “at least the maximum value of 32 is a basic feature”. In current specification, Type II codebook is only required to support minimum of 4 port CSI-RS, i.e., FG2-41

conclusion 1.D: We are fine

proposal 1.D.2: We are fine


	AT&T
	Question 1.1: we are ok to follow the legacy and open for further refinement.
Question 1.2: as many companies pointed, we do not see a need for co-scaling.
Question 1.3: we support further optimization for R18 codebook Mode1
We are fine with the offline conclusions 1.C.1, 1.C.4, 1.D & proposals 1.C.2, 1.C.3, 1.D.2 

	NEC
	Offline conclusion 1.C.1: We can be fine with the conclusion as majority companies do not support larger value of R. and regarding the legacy R values {1,2}, we support to keep both (not remove R=2) 

Offline conclusion/proposal 1.C.2/3/4 and 1.D: Fine with the conclusion.

Offline proposal 1.D.2: We share similar view with Fraunhofer, Huawei, CATT and Xiaomi, that FD basis offset can also be applied with independent FD basis selection per TRP, especially when N3 is large (e.g. N3>19 in current spec). In this case, Minitial can be applied to determine a window for further FD basis selection for a reference CSI-RS resource. And in case of multi-TRP CJT, the windows can be different/independent selected, and within each window (per TRP), the number of delays can be common while the intervals between delays should be independent, i.e. independent FD basis set per window, as in case of large value of N3, the DFT vector is finer, a common FD basis set across TRPs is insufficient. So at least for N3>X, FD basis offset (relative to Minitial of the reference CSI-RS resource) can be applied per CSI-RS resource to determine independent window for each TRP, and independent FD basis selection can be applied per TRP based on the independent window, and in case of N3<=X, either Alt 1 or Alt 2 can be applied. So we suggest:

Update Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. In case of N3>X, the use of per-CSI-RS-resource FD basis selection offset (relative to Minitial of a reference CSI-RS resource) to determine a window for independent FD basis selection, and in case of N3<=X,  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· FFS the value of N3, e.g. N3=19
· Alt4. In case of N3>X, the use of per-CSI-RS-resource FD basis selection offset (relative to Minitial of a reference CSI-RS resource) to determine a window for independent FD basis selection, and in case of N3<=X, Alt 1 is applied
· FFS the value of N3, e.g. N3=19
[Mod: First, it’s not the intention of this proposal to address the details of FD basis selection scheme. So the above Alt3 and Alt4 are actually none other than Alt1 and Alt2, respectively, with the details of legacy FD basis selection scheme included (except for the X value made FFS). So there is no need to add 2 more alternatives to further confuse the two different, but related, issues.
Having said that, since I don’t remember any company proposing to change the details of FD basis selection scheme, I have included a bullet on each alternative (Alt1 and Alt2) to include your suggestion. If this is agreeable to all companies, it is better ]

	Mod V29
	Added a bullet on each Alts in proposal 1.D.2 to include NEC’s input

	ZTE
	Conclusion 1.C.1: A way-forward suggestion is to clarify that Delay-offset report will be discussed individually (in RAN1#111).

Offline proposal 1.C.2/3: Thanks for considering our input. One clarification for our views for Pv, we suggest to consider ½ for v=3,4 (like ½ for v=1~4) for balancing report overhead and performance, although we are not against other higher values. Like PC5 in eTypeII-CSI.

· FFS (by RAN1#111): whether ½ for v=3,4(e.g., with ½ for v=1,2) can also be added
[image: ]
For progress, we are open to add our preferred parameter(s) in the FFS list for next meeting evaluation. But, as mentioned by MTK, some further evaluation for ‘beta=1/8 and pv=1/8’ is needed (e.g., Mv=1), e.g., any performance gain vs legacy sTRP or not, and then we prefer to further study both sides, rather than having a rush proposal right now. Therefore, sorry to say that, for current version, we can NOT support both proposals since now.
[Mod: MTK doesn’t have concern on 1.C.3, they simply raised some corner case scenarios which can be resolved via NW implementation choice. 
Since other companies are fine with 1/8 I will not move 1/8 to FFS (note that this has been discussed since the last meeting). 
I can check if companies are ok with your new proposal. If not, I will move it back to FFS.] 

Conclusion 1.C.4: Support. Then, we also support that a basis feature, e.g., 32, is needed for facilitating gNB implementation. 
[Mod: This will be discussed during UE feature in Nov 2023]

	Mod V31
	Added ZTE new proposal on 1.C.4 (highlighted in yellow and square brackets). Please check if any company has concern.


	Ericsson
	Support Offline conclusion 1.C.1
Open to further discuss Offline proposals 1.C.2 and 1.C.3 based on evaluation results.  We plan to contribute results for this in RAN1#111.
Support Offline conclusion 1.C.4

Support Offline conclusion 1.D

Supportive to study further Offline proposal 1.D.2.  As part of the study, we think it is good to consider the following:
1) Whether fixed number of FD basis vectors per TRP or it’s up to the UE to select, similar to L determination. 
2) Whether the same FD basis vectors (i.e., the actual taps) are used for all TRPs or different FD basis vectors are selected.
[Mod: We had two agreements that can only imply that Mv (pv)/M are gNB-configured via higher signaling (even for mode-1). This is somewhat different from Ln since it was agreed that Ln is per-TRP (and Ltot/Lmax is the one that is gNB-configured:
[109-e] Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
[110bis-e] Agreement
For the Rel-18 Type-II codebook for CJT mTRP, for mode-1, the number of FD basis vectors (Mv related to pv for Rel-16, M for Rel-17) is common across all N CSI-RS resources

To ensure companies remember I added a note
]

	CATT
	On Proposal 1.D.2:
It is unlikely that the FD basis selected for different TRPs are aligned after the FD basis shift, especially for the non-collocated scenarios. Alt1 incurs unnecessary restriction on FD basis selection for different TRPs. If companies are not willing to change Alt1, we would like to add a new alternative:
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources.
The overhead could be reduced as the FD basis for each TRP are now selected in a smaller set of FD basis.
[Mod: This alternative is not necessary since it will result in the same UPT as Alt2 but more overhead. Please check my comments for Huawei above. Re Alt1, it is indeed the purpose to introduce restriction to per-TRP FD basis selection by only using FD basis offset]

	Mod V34
	Added a clarifying note on proposal 1.D.2 to avoid missing implication on previous agreements

	MediaTek
	Regarding modification proposed by ZTE for proposal 1.C.3, i.e.:

Offline proposal 1.C.3: On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook, introduce
· pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
· [pv = 1/2 for v=1,2,3,4]

We don’t support the newly added option pv = 1/2 for v=1,2,3,4. We fail to see the benefit this option introduces specially given it will be creating extra CSI overhead and UE complexity for v>2  . So as such we prefer to support the legacy option, i.e., pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
[Mod: Noted. Let’s see what other companies think]
@ZTE. @FL thank you for checking our input. We don’t have any issue supporting pv = 1/8 for v=1,2 (hence 1/16 for v=3,4), in principal. Our comment did not imply we would like to increase pv for v>2 compared to legacy, but rather include more options for beta to trade off the FD compression due to small pv
[Mod: Thanks for the clarification]

	Huawei, HiSilicon
	For the comment below, with interpretation 1, because UE will re-index the strongest Wf basis to index 0, therefore, the Wf basis selected for different TRPs are not aligned with the FD basis offset not known to gNB, as a result, there’s signal mismatching between TRPs. Therefore, the FD basis offset indication is still needed.
In “interpretation 1” there is no point of adding FD basis offset at all since W_f,n can already be selected independently across TRPs. Adding FD basis offset simply increases overhead without any UPT gain.

Thanks FL for update of proposal 1.D.2, from our understanding, the current Alt 2 is just the mode-1 in previous agreement. And whether to support FD basis offset is a further enhancement. So we propose to update the proposal as below:
Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources.
· Example formulation: W_(f,n)=e^(j 2π/N_3  φ_n ) W’_(f,n) where φ_n is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource n ̃ with φ_n ̃ =0, and W_f is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the commonly selected FD basis set.
Note that the sentence “ is commonly selected across N CSI-RS resources” seems not following the previous agreement for Mode-1 that “Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups.”
Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 
[Mod: Thanks for the explanation. I will add Alt3 similar to CATT proposal. Note that Alt1 is obviously not mode-2  It is mode-1 with a special form where the TRP-specific part is FD basis offset.]

On proposal 1.C.3, we are open to further study the additions of pv=1/8 for v=1,2 and pv=1/2 for v=1,2,3,4 with further evaluations.


	Qualcomm
	Some editorial suggestion for proposal 1.D.2
	Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the commonly selected FD basis set.
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each of the N selected FD basis sets 
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling 



In our understanding, Alt2 is the most natural understanding regarding mode-1 CB, while Alt1 is more like FD selection with some dependency b/w TRPs – or we can call it mode-1.5 CB.
The reason to suggest deleting the notation of Alt2 (especially the wording “any”) is, not to set this restriction on further design e.g. for other N-1 TRPs, whether to report each strongest FD index. 

Besides, what Ericsson mentioned about TRP-specific Mn, is more like mode-0.9 CB (even more independent for different TRPs). Since a general understanding to implement FD selection of mode-1 CB is according to W2 coefficients’ power, this variable Mn seems to have higher flexibility, but also at a cost of more variable bitmap size  that can’t be determined before reporting.
Therefore, common-Mn according to the agreement of last meeting seems to be a simpler working assumption for way forward.
[Mod: I added Alt3 which should address your point]

	Mod V38
	Added Alt3 in proposal 1.D.2

	Fraunhofer IIS/HHI
	Proposal 1.D.2 
In the current example formulations in ALT1 and ALT3, there is a mistake in the equations. The current formulations do not express cyclic shifts. Therefore, we suggest to correct the equations as follows:
ALT1:  
ALT3:  
[Mod: Thanks. I edited the equation, using diagonal matrix instead]

	Samsung
	On offline conclusion 1.C.1,
· To clarify, the conclusion is only about new values, i.e., the candidate R values are legacy {1,2}. It doesn’t mean we will support R=2. Whether R=2 is supported CJT shall be discussed separately.
[Mod: No your understanding is incorrect. Please read the underlined text in Table 1A. In short it means that since there is no consensus to add or remove anything from legacy candidate values, R=1, 2 are supported and no other new R value is supported. Please read the summary as well. Several companies have concern on removing R=2.]
On offline proposal 1.C.2,
· To clarify, beta=1/8 is included as a candidate for discussion on parameter combinations later. This proposal doesn’t mean that we are agreeing to support a parameter combination with beta=1/8.
[Mod: This holds for any parameter. If somehow there is no good parameter combination with a certain parameter value taken from the agreed candidates, this would be a natural outcome, e.g. it also holds for pv=1/8 v=1,2]
· We are okay to study on beta=3/8 as an FFS but we don’t support adding beta=1 in FFS due to very large overhead (than legacy).
[Mod: I will keep the FFS. As I said several times above, the FFS will be resolved in this meeting. There is no reason to insist on removing the FFS at this stage before the 1st online session]
On offline proposal 1.C.3,
· We share the similar concern with Mediatek on pv=1/2 for v=1,2,3,4. Our preference is to remove legacy pv=1/2 (for v=1,2, and pv=1/4 for v=3,4) not to consider large-overhead regime but we can be OK to keep the legacy pv=1/2 for now. However, we don’t support adding a higher value of pv such as pv=1/2 for v=1,2,3,4, which was not accepted even in Rel-16 eType-II due to overhead. 
[Mod: OK, now two companies have overhead concern on ZTE proposal. Let’s hear from other.]
Re proposal 1.D.2
· Alt1/3: agree with Fraunhofer that offset should correspond to cyclic shift of FD basis vectors

	Mod V41
	Revision on proposal 1.D.2 to take into account cyclic shift

	Lenovo
	Offline conclusion 1.C.1: 
We are fine with the FL conclusion
Offline conclusion 1.C.2: 
Support
Offline conclusion 1.C.3: 
We are fine with introducing pv=1/8, however the overhead for pv=1/2 for v=1,2,3,4 would be too significant. We will wait for further evaluation from companies in the contributions to evaluate the overhead/throughput tradeoff
Offline conclusion 1.C.4: 
Similar to our comment for Conclusion 1.C.3, going from 32 CSI-RS ports to 128 ports would lead to massive increase in CSI feedback overhead, and maybe unnecessary, even with UE capability signaling. However we will also wait for further evaluation from companies in the contributions to evaluate the overhead/throughput tradeoff
Offline conclusion 1.D: 
We are fine with the conclusion, however, to avoid any misunderstanding or misunderstanding of the scope of this proposal, we prefer to add a note that this conclusion has no impact on the RAN1#110bis-e working assumption, which also implies introducing two reference amplitudes per TRP (with each TRP associated with a CSI-RS resource). One suggested wording of the note is as follows:
Note: This conclusion has no impact on the working assumption reached in RAN1#110bis-e corresponding to the W2 quantization grouping
[Mod: Added]
Offline proposal 1.D.2: 
We are fine with the proposal

	NEC
	@Mod. Thank you very much for the response. We are fine with current offline proposal 1.D.2, just minor suggestion that the note for legacy FD basis indication scheme can be applied for each alt.
Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling 
[Mod: Done]
Note: The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the selected FD basis set.

	DOCOMO
	Conclusion 1.C.4: support. Fine to discuss it in UE feature.
Conclusion 1.D: support.
Proposal 1.D.2: We tend to agree with QC to delete the ‘(without any per-CSI-RS-resource FD basis selection offset)’ in Alt2. Because we may come up with a middle-ground method between Alt1 and the most flexible Alt2.

	Xiaomi
	For Proposal 1.C.3, we have some concern on pv = 1/2 for v=3,4 since the signaling overhead will be large.
For proposal 1.D.2, both Alt 2 and Alt 3 can support independent selection of FD basis across all N CSI-RS resources. But the signaling overhead of Alt 3 is not fixed and it is possible higher than Alt 2, the benefit of Alt3 is not clear. Alt1 introduces additional restriction on FD basis selection, which may degrade the system performance even though indication overhead of FD basis selection can be reduced. Alt 2 is preferred.
[Mod: We will down select later ]

	Google
	Offline conclusion 1.C.1: Support
Offline proposal 1.C.2: The number of measured TRPs N is configured by the gNB. We would like to understand if the gNB configures N=1, does it mean to add new parameter for eType2 CSI? According to the agreement in last meeting, N can be set as 1. 
[Mod: Not necessarily. Check Nokia’s comment below. This is next-level discussion re supported Parameter Combination. Note in Tel-16/17 although we have 2-5 candidate values for 4-6 parameters, we only have 6-8 supported Parameter Combinations selected stringently based on UPT vs PMI overhead trade-off.]
If majority sees benefit for this new parameter, we can live with it but we think an additional condition N>1 should be added.
[Mod: Please propose this in RAN1#112 when we will start discussing and concluding Parameter Combination]
Offline proposal 1.C.3: Similar to 1.C.1, we can accept it but we think additional condition N>1 should be added.
[Mod: Same comment as above]
Offline conclusion 1.C.4: Support
Offline conclusion 1.D: Support
Offline proposal 1.D.2: Support 

	OPPO
	For Proposal 1.D.2,,  is independently selected across N CSI-RS resources for both Alt.2 and Alt.3, and additional FD basis selection offset needs to be reported for Alt.3. It seems Alt.3 needs higher feedback overhead but has the same performance as Alt.2 if there is no restriction on the set of FD basis candidates. Based on the input of some companies, Alt.3 may have further restriction on FD basis candidates per TRP to reduce the overhead. If that is the case, we need to add it to Alt.3. Otherwise, we don’t think Alt.3 is needed.
[Mod: Please check Huawei’s comment. We will down select later  Now it’s just listing candidates]

	Spreadtrum
	Offline conclusion 1.C.1: 
Support. We also think R=2 should be optional, just as for legacy Type II codebooks. 
Offline conclusion 1.C.2: 
Support. 
Offline conclusion 1.C.3: 
Support. 
Offline conclusion 1.C.4: 
Support. We are OK to discuss further restriction during UE feature discussion.
Offline conclusion 1.D: 
Support. 
Offline proposal 1.D.2: 
Support in principle. We think Alt1 is not aligned with the definition of mode-1 since FD basis selection across N CSI-RS resources is not ‘independent’ at all. 
[Mod: Actually your assessment is mathematically incorrect. “Independent” here is in statistical/stochastic sense given that the channel is stochastic by nature. Two random variables Y1=X1.Z and Y2=X2.Z (analogous to Alt1 Wf,n where the two have a common factor). If E[X1.X2]=0, E[Y1.Y2]=E[Z2].E[X1.X2]=0 ]

For Alt1, FD basis offset is calculated along with FD basis selection, and UE has to compare the FD basis jointly across N CSI-RS resources to determine the commonly selected FD basis .
Alt3 is more reasonable. In which FD basis selection is fully independent for each CSI-RS resource. And the FD basis offset is further calculated after FD basis selection. 
[Mod: We will down-select later ]  

	Nokia/NSB
	Offline conclusion 1.C.1
Fine

Offline proposal 1.C.2, Offline proposal 1.C.3
Support. We suggest adding the wording “introduce as candidate values” to clarify that the added values are candidates to be considered in the parameter combinations. When we select the param. combinations we may decide to exclude some of these candidate values based on throughput/overhead tradeoff and a limit in the total number of parameter combinations
[Mod: Thanks for spotting this. Done] 
Offline conclusion 1.C.4 
Support 

Offline conclusion 1.D
Support

Offline proposal 1.D.2
We suggest to complete the note with this small addition

Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources
[Mod: Done]

	Fraunhofer IIS/Fraunhofer HHI
	Re offline proposal 1.D.2, we think the high feedback overhead concerns from the companies’ can be addressed by making the following changes to Alt 3. In this way, Alt 1 and Alt 3 will also be more aligned description wise. 

Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the commonly selected FD basis set.
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each of the N selected FD basis sets 
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates.
· The legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on the independently selected FD basis set.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling 
[Mo: Thanks for the good catch, done]

	Huawei, HiSilicon
	For offline proposal 1.D.2, we also think the legacy FD basis selection can be used for Alt 3 so we are fine with the update from Fraunhofer.
[Mod: Yes]

	MediaTek
	After some offline study and checking, we think that the value of beta = 3/8 for more granularity is not needed, and overhead for large N3 can be controlled by a combination of total number of SD beams and/or pv. 
We are fine to remove the value of beta = 3/8 from Proposal 1.C.2
[Mod: Thanks for your careful consideration and making FL job easier even if IMO your proposal is quite reasonable ]

	Mod V54
	Minor (clarity related) revision in proposals except for:
· Moving ZTE proposal in 1.C.3 to FFS for now (giving ZTE a chance to convince other during the meeting)
· Removing 3/8 from 1.C.2 by MediaTek’s (proponent’s) request



2. Type-II Doppler

	
	Issue
	Topic

	6
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	7
	
	DD unit: PMI only vs PMI+CQI

	8
	
	DD codebook (Q, N4, d) & UE-side prediction (W_CSI, delta, K, m) parameters: candidates of value (apart from parameter combination optimization)

	9
	
	Codebook structure: with vs without rotation factors 

	10
	
	NNZC and bitmap design: Alt1 vs Alt2, overhead reduction




[bookmark: _Hlk118296922]Table 3A Type-II Doppler: issues
	Topic
	Moderator comments and proposals
	Relevant agreements

	7
	In Rel-16 FD compression, FD unit was introduced and used only to PMI. Per the agreement, likewise, at a minimum DD unit is used for PMI. The question is whether it is also used for CQI. 

Question 2.1: Please share your view: 
· Whether DD unit should also be used for CQI (in addition to PMI). 
· And if so, is the DD unit used for CQI the same as or independent of that used for PMI?
Explain your rationale. 

FL Note (synthesized from offline discussion with several delegates): 
For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). Hence, the duration/window associated with the entire PMI is dN4 slots (which should be WCSI). 
Since the duration/window associated with CQI is the same as PMI (WCSI), if the notion of DD unit is applied to CQI, it should be defined as (WCSI /X) if X CQIs are included in the CSI report.   
· In this sense, CQI cannot use the same DD unit length as PMI unless X = N4 (fixed).

DD unit for CQI: 
· Yes: Samsung, 
· No: ZTE, Apple, vivo, CATT

	[110] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only, or PMI/CQI 


	8
	Question 2.2: Please share your view on the proposals listed in Table 3B (from ROUND 3) or add another proposal you may have

	[110bis-e] Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, study the supported values for Q from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· Alt1. Q is determined as a function of N4, e.g., Q=2 for N4=2, and Q=ceil(N4/2) for N4>2
· Alt2. Q is selected from multiple candidate values, e.g., {2, 3, 4, …,} (or a subset thereof, e.g. {2, 3}), the maximum value is FFS
· Alt3. Only single value is supported, e.g. Q=2 only or Q=4 only

[110bis-e] Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied





Table 3B Type-II Doppler: parameters
	Parameter
	Proposal {rationale}
	Companies views

	Q (# selected DD basis vectors, unit-less, ≤N4)
	Alt1. Q is determined as a function of N4, e.g., Q=2 for N4=2, and Q=ceil(N4/2) for N4>2
	Support/fine: vivo, Xiaomi, NEC, Intel, Nokia/NSB, Apple

Not support: ZTE

	
	Alt2. Q is selected from multiple candidate values, e.g., {2, 3, 4, …,} (or a subset thereof, e.g. {2, 3}), the maximum value is FFS 
	Support/fine: ZTE, Qualcomm (2,3), Samsung (2,3), MediaTek (at least 2), Spreadtrum, DOCOMO, CMCC, Huawei/HiSi

Not support: 

	
	Alt3. Only single value is supported, e.g. Q=2 only or Q=4 only 
	Support/fine: Fraunhofer IIS/HHI (4), Samsung (2), MediaTek (2), Apple, OPPO (2)

Not support:

	
2nd option on the start of CSI window is l=n+ in slots)
	Alt1. Configured from a set of candidate values {0, 1, 2, 3, 4, [5], 6, 8}, or a subset thereof with at least two values  
	Support/fine: Apple, vivo (with 0; 0,2,4), ZTE (with 1 and 5), NEC (start from 1), MediaTek (0,1,2), Spreadtrum, Intel, DOCOMO (larger value), CMCC, Huawei/HiSi,

Not support: Samsung

	
	Alt2. A single fixed value = 0  
	Support/fine: Samsung (0), Nokia/NSB (0), 

Not support:

	WCSI (CSI window length, in slots)
	Alt1. 1 (only for l=n) and N4 (for other l configuration)
	Support/fine: vivo, ZTE

Not support:

	
	Alt2. Following periodicity of P/SP-CSI-RS or SP-CSI

	Support/fine: ZTE, MediaTek

Not support: Qualcomm (WCSI size should decouple with report periodicity)

	
	Alt3. WCSI = dN4 

FL Note: This seems to be the most natural definition (hence requires no configuration since it is derived from d and N4). See Table 3A issue 7
	Support/fine: Xiaomi, Samsung, Nokia/NSB, NEC, MediaTek, vivo, Qualcomm, Spreadtrum, Intel, Apple, DOCOMO, CMCC, OPPO, Huawei, HiSi

Not support: 

	N4 (length of DFT vector, unit-less)
	Alt1. Configured from a set of candidate values {1,2,3,4,[5,10],[8,16],[32]}
	Support/fine: ZTE (with 5 and 10), Samsung (no 32), Apple (max 4), DOCOMO, CMCC, Huawei/HiSi

Not support:

	d (DD unit size in slots)
	Alt1. Configured from two options: {1, a value proportional to periodicity of P/SP-CSI-RS or m for AP-CSI-RS} 
	Support/fine: ZTE (alternatively, d can be fixed to 1), vivo, Qualcomm (one periodicity or one m), Intel (m, floor(m/2)), Samsung, Apple, CMCC, OPPO (m<=d), Huawei/HiSi, Xiaomi (the periodicity or m)

Not support:

	
	Alt2. A factor of WCSI (FL note: This is automatically guaranteed by Alt3 of WCSI)
	Support/fine: MediaTek

Not support: Qualcomm (config-wise, seems not aligned with Alt3 of WCSI: d=>WCSI v.s. WCSI=>d)

	K (# CSI-RS resources for AP-CSI-RS “burst”)
	Alt1. Configured from a set of candidate values {4, [5], 8, [12, 16]}
	Support/fine: ZTE (with 5), Samsung, Apple, CMCC, OPPO, Huawei/HiSi (also support 12,16)

Not support:

	m (offset between two CSI-RS resources)
	Alt1. Configured from a set of candidate values {1, 2, 4}
	Support/fine: ZTE, vivo, Qualcomm, Apple, CMCC, OPPO, Xiaomi(Support m= 1 or 2)

Not support:

	
	Alt2. Only a single value m=1
	Support/fine: vivo, Samsung, OPPO

Not support:



[bookmark: _Hlk118297218]
Table 3C Type-II Doppler: Offline proposals 
	
Offline conclusion 2.B.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, there is no consensus on applying DD unit for CQI. Therefore, DD unit (of size d slots) is applied only to PMI.
· Note: This conclusion has no impact on the number of CQIs included in one CSI reporting instance (a separate issue to be decided separately)

Support/fine: MediaTek, Xiaomi, vivo, Apple, NEC, ZTE, CATT, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: This conclusion merely states a fact. No consensus implies no support


	
Offline proposal 2.B.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). 
· TBD (by RAN1#111): The time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) included in a CSI report X 

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Apple, NEC, ZTE, CATT, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: It’s likely that a number of companies don’t quite understand what W_CSI means even if we already have an agreement and, consequently, how CQI actually works in relation to PMI (CQI calculation is conditioned on PMI in the spec). W_CSI applies not only to PMI, but also to all CSI components. Else this would cause some mismatch between PMI and CQI which leads to performance loss. Hence any requirement on CQI (such as 10% BLER) will have to apply to the entire W_CSI window.
Agreement
...
· CSI reporting window of [l,l+WCSI –1], associated to the CSI report in slot n 
· l is a slot index and WCSI is the reporting window length (in slots)
...
Please read the comment from Huawei and vivo which IMO bring more clarity to the issue re “concern” on interference measurement and window etc. Copied here:
Huawei:
For proposal 2.B.2 on unit of CQI, this may depend on evaluation results of how CQI change through the prediction window. As we have observed that in some cases there’s some rapid change of CQI in the prediction window, it’s beneficial to report such predictions also to gNB. On the concerns of interference, it should be reasonable to assume that UE will not predict the interference but UE still can predict the change of channel amplitude due to Doppler shift, and the predicted CQI can reflect such channel amplitude change, which is helpful to gNB scheduler. 
Vivo:
We are ok in general, but it’s more accurate to clarify that the value X is the number of CQIs in time domain for wideband or one sub-band. We still allow sub-band CQI reporting which will have multiple CQIs in a CSI report even when X=1. 
Further, we have concern to support X>1. We think X=1 is enough. To have X>1 will complicate the reference resource for CQI definition and complicate UE implementation. 


	
Offline proposal 2.C.1: For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding the parameter Q, at least Q=2 is supported. 
· FFS: Whether Q=3 and/or Q=4 are also supported as other candidate value(s) 


Support/fine: MediaTek, OPPO, Xiaomi, [vivo], [Fraunhofer IIS/HHI], Apple, NEC, ZTE, Ericsson, Samsung, Google, Spreadtrum, Nokia/NSB,  


Not support: Lenovo (WCSI, Q, N4 and d together)

FL Note: 2.C.1 is the best compromise among Alt1, Alt2, and Alt3 (note Q>1 is agreed, and to avoid large Q values which results in excessive overhead, while capturing the physics of the channel (per vivo point) analogous to FD compression in Rel-16 where M~p.N3). The parameter p is to address Alt2 proponents for configurability 


	
Offline proposal 2.C.2: For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· One additional non-zero value
· FFS: the non-zero value, to be selected from 1, 2, 3, 4, 5, 6, and 8 

Support/fine: MediaTek, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, Samsung (ok with one additional), Ericsson, Lenovo, Spreadtrum (ok), Nokia/NSB,  

Not support (0 isn’t useful): ZTE (and since 5 is still FFS), CATT, Google, 

FL Note: 2.C.2: Based on (weak, although initially I thought super) majority view, multiple values are preferred. Other than 0, at least 1 more value is supported, but the exact values should be determined via analysis/simulation (limiting the number of candidates is also important for an obvious reason). Note that those who prefer 0 (at least 5 companies) only have compromised.


	
Offline proposal 2.C.3: For the Type-II codebook refinement for high/medium velocities, the parameter WCSI (in slots) is determined as follows: WCSI = dN4

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, ZTE, Ericsson, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: 2.C.3: Based on super-majority view, dN4 is a clear choice. Except for N4=1 where no DD compression is used.


	
Offline proposal 2.C.4: For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {1, 2, 4} 
· FFS: If additional candidate value(s) of N4 are supported, e.g. 3, 5, 8, 10, 16, 32

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, Ericsson, Samsung, Google, Spreadtrum, Nokia/NSB,  

Not support: ZTE (since 5 is still FFS), Lenovo (WCSI, Q, N4 and d together)

FL Note: 2.C.4: Currently only the values proposed by enough companies are included. Additional values can be added later if proven useful. Likewise, limiting the number of candidates is also important for an obvious reason.


	
Offline proposal 2.C.5: For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· Support at least the following candidate value:  
· If the configured CMR is P or SP-CSI-RS, thise second candidate value is the periodicity of the CSI-RS,
· If the configured CMR is AP-CSI-RS, thise second candidate value is the configured value of m parameter
· FFS: Whether additional candidate value(s) of d are supported, e.g. d<m, d>m, and/or d=1 only 
If more than one candidate values of d are supported, the value of d is gNB-configured via higher-layer (RRC) signalling 

Support/fine: MediaTek, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: ZTE (since 1 is still FFS)

FL Note: 2.C.5: Based on super-majority view. Note that Alt2 is already guaranteed if proposal 2.C.4 is agreed. 


	
Offline proposal 2.C.6: For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 8}
· FFS: If additional candidate value(s) of M K are supported, e.g. 5, 12, 16
 
Support/fine: MediaTek, OPPO, Xiaomi, [vivo], Fraunhofer IIS/HHI, Apple, NEC, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: ZTE (since 5 is still FFS)

FL Note: 2.C.6: Currently only the values proposed by enough companies are included. Additional values can be added later if proven useful. Likewise, limiting the number of candidates is also important for an obvious reason.


	
Offline proposal 2.C.7: For the Type-II codebook refinement for high/medium velocities, the parameter m (offset between two AP-CSI-RS resources for the CMR, in slots) is gNB-configured via higher-layer (RRC) signalling from the following set of candidate values: {1, 2}
· FFS: Whether 4, 5, 8, 12, and/or 16 are also supported as other candidate value(s)

Support/fine: MediaTek, OPPO, Xiaomi, vivo, Fraunhofer IIS/HHI, Apple, NEC, ZTE, Samsung, Lenovo, Google, Spreadtrum, Nokia/NSB,  

Not support: 

FL Note: 2.C.7: Based on super-majority view.


	




Table 4 Type-II Doppler: views from companies
	Company
	Input

	Mod V0
	Please share your views on the 3 offline questions in TABLE 3A/B

	Samsung
	Question 2.1
· Yes, DD unit (defined per the FL Note in Table 3A) should also be used for CQI, and it should be independent of that used for PMI. Based on our study, CQI varies slower than PMI, implying DD unit size of CQI should be larger than that for the PMI. We have demonstrated via SLS that X=2 or 3 CQIs seems sufficient (better in performance than 1 CQI, and >3 CQIs does not bring gains)
Question 2.2
· Q: considering the UPT vs overhead tradeoff, we think Q can be fixed to a small value (2), or limited to small values. So, we prefer Alt3, and Alt2 (2nd priority)
· Delta: in our view, delta=0 is sufficient. We don’t support any additional delta>0. 
· W_CSI: DD size can be defined similar to SB size (Alt3). Besides, Alt1 and Alt2 are included in Alt3 by choosing d and N4 appropriately.
· N4: 32 is a large value, especially when the UE needs to predict per slot. We prefer not to support 32.
· d: we support Alt2, as it is inclusive (of Alt1)
· K: support Alt1
· m: Prefer Alt2

	Samsung2
	Fixing a typo in previous reply

Question 2.2
· d: we support Alt1 (with W_CSI=dN4, it is better to configure d and N4, and determine W_CSI based on the configured values)

	ZTE
	Question 2.1
· Based on our observation, 1 single predicted CQI may be sufficient, and we only need to consider the enhancement of CSI reference resource of CQI determination based on future time point (n+u), where n is a reporting instance, and u is offset for CQI.
Question 2.2
· Q: We have the similar observation as Samsung that there is no clear relationship between Q and N4. Quite different from N3 & Mv, while having a large Doppler impact/high UE velocity, we may consider a high Q while having a small N4. Therefore, an individual configuration for Q seems better.
· Delta: Introducing additional time instances but not being used (from gNB perspective) only reduce/weaken the accuracy of CSI compensation. Then, we prefer Alt1, and ‘5’ should be added.
· W_CSI: Using the similar values as CSI periodicity is a good way-forward solution (especially for periodic and semi-persistent CSI), but it should be highlighted that from our perspective this value can be provided separately.
· N4: 5 and 10 should be added.
· d: We support Alt1, but for simplify, d can be fixed as 1.
· K: 5 should be added
· m: considering different scenarios of UE velocity, ‘m’ should be configurable. The slower velocity the UE/scenarios have, the larger m we need to configure.  

	Apple
	Question 2.1
· We think CQI prediction especially with multiple CQI predictions at different time instances shall be deprioritized
· CQI prediction also requires interference prediction which is a lot harder. Of course, we could assume that NZP-IMR provides time-constant interference, and the Rnn is stable over time, but this may not match the reality and CQI prediction may not be that accurate anyway.
· It is even clearer to us that DD unit is not best suitable for CQI since CQI is real, not imaginary.
Question 1.2
· Q: Q and N4 limitation should be discussed together. In our view, small Q is enough, e.g., Alt1 or Alt3 depending on the range of N4 
· Alt1 since gNB may need some processing time for CSI report
· : Alt3 can be start point
· : We prefer to limit the maximum value to a much smaller one, for example, 4
·  Alt2 can be start point
· : We are fine
· : Alt1, with potentially even larger value. We are not sure m=1, for example 0.5ms for 30kHz will work for the targeted UE speed (Doppler) since the channel may not even change 

	vivo
	Question 2.1
DD unit is not needed for CQI. 
· It’s hard to predict fine granularity of CQI in time domain as it is hard to predict interference. 
· Improvement of the CQI accuracy has little beneficial effect in practical implementation, on the contrary, Outer Loop Link Adaptation (OLLA) is usually introduced to match channel change to ensure initial BLER is converged to the target.
· If gNB wants to identify which future occasion/slot is suitable for scheduling without considering interference, the relative value of reconstruction coefficients of multi-W2 can reflect the channel condition.
· If multi-CQI is introduced, it would have great influence on the definition of CQI and CSI reference slot in 38.214
Hence one CQI in time domain in one report is sufficient. If we need to align the time window for CQI and PMI, the reference slots to calculate CQI should be W-CSI.

Question 2.2
· We support Alt 1 for Q. Candidate values of the ratio between Q and N4 can be 1/2, 1/4 and 1/8.
· We support Alt 1 for delta. To have a value larger than 0 is necessary at least for N4=1, otherwise there is no useful UE prediction for N4=1. We think {0, 2, 4} can be a good candidate value set for delta.
· For W-CSI, we are also OK with Alt 3. We would like to clarify that this should apply for both CQI and PMI.
· We are okay with Alt 1 for N4.
· For d, we support Alt 1. The ratio should at least include 1. Alt 1 and Alt 2 are actually not mutually exclusive. Even we adopt Alt 2, we still do not know which values are supported for d as W-CSI is unknown. Is the intention of Alt 2 to configure W-CSI?
· For K, we think larger values are needed considering the usages of the AP CSI-RS. For UE prediction purpose, does this AP CSI-RS burst also include the calculation of the prediction filter? If so, we think at least 16 occasions are needed. If not, how does UE get the filter coefficients to perform prediction?
· Considering this, we support to use {4, 8, 12 ,16} as the candidate values set for K.
· For m, Alt 1 is also okay for us. 

	NTT DOCOMO
	Question 2.1
· We assume CQI aging may be slower than PMI, or even not happen within CSI reporting window. Therefore, the baseline should be a single CQI for a W_CSI in our view. On top of that, we are open to consider multiple CQIs for a W_CSI. Even in this case, it should be independent configuration of that used for PMI since the same granularity as for PMI seems not always necessary. 
Question 2.2: 
· Q: Prefer Alt-2 in terms of configurability, but open to discuss. 
· Delta: If there will be a UE supporting better prediction quality in longer term, larger Delta might be beneficial.  
· W_CSI: We tend to agree with Samsung that Alt3 is super-set including Alt1 and Alt2. Support Alt3. 
· N4: Support. No strong view for 32. 
· d/K/m: No strong view. 


	Qualcomm
	Question 2.1
We still think CQI prediction is questionable. Firstly, interference can’t be predicted. Secondly, power of extrapolated  is difficult to be accurate (at least for MMSE extrapolation we used evaluation, power of   decays over time).
But given that we already have agreed more “future” WCSI starting at slot n or even n+ (which does not even comprise legacy ref resource slot), more future CQI prediction than legacy seems unavoidable.
Therefore, in our view, a safer way is to only have the first slot (or the first DD unit) in WCSI with CQI definition.
Question 2.2
Added our preference in table 3B with track changes

	CMCC
	Question 2.1
· We think CQI prediction is hard to implement since the interference condition is also keep changing. If we just calculate CQI based the R18 PMI assuming the interference is not varying, the CQI may not match the real environment.
· Even we agree with multiple CQIs in the W_CSI, the DD unit for PMI be decoupled with CQI application window since the CQI may changed much slower than PMI in same channel condition.
Question 2.1
· Q: we support Alt2. It is more flexible. There may not be exact linear relationship between the Q value and N4 value.
· Delta: we prefer Alt1, configurable delta can help the prediction CSI is much near the scheduling time.
· W_CSI: we support Alt3.
· N4: support Alt1.
· d: OK with Alt1. It is better to configure d and N4 firstly and then W_CSI is calculated based on them.
[Mod: Thanks, this is a very good principle to use – especially since some confusion takes place among some companies]
· K: OK with Alt1.
m: prefer Alt1. The offset between two measurement samples should be configurable to adapt different Doppler.

	Spreadtrum
	Question 2.1:
We think before discussing whether to support DD unit for CQI, we need to determine the maximum number of CQIs can be reported. 
[Mod: Please see the new FL note. Actually it’s quite clear the notion of DD unit for CQI is unnecessary]
We also think interference prediction is difficult since the measured interference corresponding to different time instance may change fast and randomly. 
Question 2.2:
Added our preference in Table 3B.

	Intel
	Question 2.1: 
· In our view there are many aspects which are related to CQI determination for the newly introduced PMI codebook. First, we need to agree on the timing assumption for channel used for CQI determination. In our view the channel which are used for PMI calculation should be also used for CQI (i.e. predicted channel, not the measured channel). Next, the number of CQIs shall be defined (i.e. one CQI or multiple CQIs).
[Mod: This is implied in W_CSI (which applies to all CSI parameters especially since the spec clearly describes that CQI calculation is conditioned on PMI/RI. If the PMI includes prediction, CQI will, too)
Question 2.2: 
· Our view is added in Table 3B

	Mod V12
	Added proposals based on inputs received so far. Please check the FL Notes

	LG
	· Offline proposal 2.B.2
According to current specification, duration of CQI is a single slot because CSI reference resource is defined as a single slot. Therefore, even if X=1, we cannot say CQI is associated with W_CSI slots unless time domain definition of CSI reference resource is revised. 
In addition, we see another issue related to CQI when X=1 which is supported as baseline. If predication window starts from n+ δ, there is reference time mismatch between CQI and PMI. Specifically, PMI is calculated based on channel on n+δ slot or after but CQI is still calculated based on channel in legacy n – nCSI,ref slot. In our view, PMI and CQI should be calculated based on the common reference time because CQI and PMI are the package of a CSI. Therefore, we propose CSI reference resource slot should be defined as n+δ slot in this case.

· Offline proposal 2.C.2, Offline proposal 2.C.3 and Offline proposal 2.C.4.
Support the proposals.

· Offline proposal 2.C.5: 
We support first candidate value only. It is not necessary to tie d and the interval of CSIRS(s). For better flexibility, gNB should be able to configure smaller or larger d than the interval of CSIRS(s).

	CATT
	Offline proposal 2.B.2: One CQI in time domain in one report is sufficient. It has little benefit to improve CQI accuracy in time domain. Furthermore, introducing multiple CQIs would incur lots of spec efforts to enhance the CQI report and the definition of CSI reference slot.
Offline proposal 2.C.1: For Q, we share similar view with ZTE. Alt2 and Alt3 are preferred.
Offline proposal 2.C.2-- 2.C.7: Support the proposals.

	Mod V15
	Moved offline proposals to Table 3C

Please check Tables 3A, 3B, and 3C and share your input, if any

	MediaTek
	Offline conclusion 2.B.1: Support
Offline proposal 2.B.2: As CQI prediction is difficult, assuming a CQI can represent the entire CSI reporting window is not reasonable. We prefer that CQI is calculated based on the first slot of CSI reporting window, i.e.,  The reference PMI to be used is the one calculated for the first DD unit.
[Mod: Please read FL Note]
Offline proposal 2.C.1: Do not support. 
Although we appreciate Mod’s effort to reach a compromised solution, the proposal is unnecessarily complicated. The formula implies . Since  and  are known by gNB, gNB itself can apply the formula, if preferable. Also, if multiple values of  are supported, e.g., , then the configuration overhead would be similar to a direct configuration from . 
We do not support Alt1 as our simulation results show that  is sufficient. Our first preference is  only. Our second preference is .
[Mod: Thanks, I tend to agree]
Offline proposal 2.C.2: Fine. 
We prefer that  is configured only if gNB can support PDSCH transmission with the decoded CSI in the same slot.  is not acceptable as the prediction performance degrades if the starting position is further away from the last CSI-RS occasion.
Offline proposal 2.C.3: Do not support the first bullet.
DD unit should also be applicable for . If , then DD compression occurs naturally within a DD unit since one PMI is calculated across  slots. We do not see the need to have a proposal for .
Offline proposal 2.C.4: Fine
We prefer to also add 5 and 10.
Offline proposal 2.C.5: We do not support . 
For , our simulation results do not show additional gains than , and it incurs higher UE complexity to perform interpolation. If  is preferable, then  should be configured. We support the second candidate value including . We would like to check companies’ views on the support of  for .
Offline proposal 2.C.6: Fine
We prefer to also add 5 and 10.
Offline proposal 2.C.7: Support with the addition of value 5.

	OPPO
	· Offline proposal 2.B.2:
OK
· Offline proposal 2.C.1:
OK. we support Q=2 only, we don’t see the gain of Q>2;
· Offline proposal 2.C.3:
Support the second bullet.
· Offline proposal 2.C.4:
According to our evaluation, N4 =8 brings very marginal gain (1% at most) compared with N4=4 but cost obviously high complexity. We prefer to leave N4=8 in FFS
Offline proposal 2.C.4: For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {1, 2, 4} 
· FFS: If additional candidate value(s) of N4 are supported, e.g. 3, 5, 8,10, 16

· Offline proposal 2.C.5:
Support the second candidate value. 
Re the first candidate, time domain granularity of PMI is not critical to the performance based on our result. The need and benefit of d< CSI-RS spacing should be justified first. We don’t see the gain for channel interpolation.

· Offline proposal 2.C.6 and Offline proposal 2.C.7:
OK

	Huawei, HiSilicon
	For proposal 2.B.2 on unit of CQI, this may depend on evaluation results of how CQI change through the prediction window. As we have observed that in some cases there’s some rapid change of CQI in the prediction window, it’s beneficial to report such predictions also to gNB. On the concerns of interference, it should be reasonable to assume that UE will not predict the interference but UE still can predict the change of channel amplitude due to Doppler shift, and the predicted CQI can reflect such channel amplitude change, which is helpful to gNB scheduler. 
[Mod: Good analysis]
Proposal 2.C.4, we support some larger values as we observed that there’s still benefits for some larger N4.

Proposal 2.C.6, we support some larger values (12, 16) as this can significantly improve the performance in prediction. We prefer to determine the exact values based on further evaluations.


	Xiaomi
	Offline conclusion 2.B.1: Support

Offline proposal 2.B.2: We think this proposal should be applied to multiple CQI case, i.e., X>1, since it is not necessary to discuss the duration of CQI for X=1. When X>1, CSI reference resource or the calculated CQI based on which slots in the CSI reporting window should be defined.

Offline proposal 2.C.1: In our view, Alt1, i.e., ceil(q×N4), q≤1 can cover all candidate values of Q. So, it is not necessary to design the complexity expression to include these values of Q.  

Offline proposal 2.C.2, Offline proposal 2.C.3:, Offline proposal 2.C.4:: Support.
Offline proposal 2.C.5: It is sufficient that the candidate value d equals to the periodicity of CSI-RS or m. Since the coherence time of channel is usually larger than 1 slot for high/medium velocities, it is not necessary to configure small values, such as d=1. In addition, smaller value of d also incurs high computation complexity for UE.    

Offline proposal 2.C.6: Support

Offline proposal 2.C.7:  The periodic of CSI-RS can be configured as 4 slots. If the candidate value m=4, it is sufficient to configure a periodic CSI-RS or semi-persistent CSI-RS. Therefore, the candidate value m=4 can be removed.


	vivo
	Offline conclusion 2.B.1: 
OK

Offline proposal 2.B.2: 
We are ok in general, but it’s more accurate to clarify that the value X is the number of CQIs in time domain for wideband or one sub-band. We still allow sub-band CQI reporting which will have multiple CQIs in a CSI report even when X=1. 
Further, we have concern to support X>1. We think X=1 is enough. To have X>1 will complicate the reference resource for CQI definition and complicate UE implementation. 
[Mod: Good analysis]
Offline proposal 2.C.1: 
It may not be good to have a too complicate definition/rule to calculate Q. We’d better to make the decision on Q after seeing evaluation results in the coming meeting. We just need to down-select one alternative (either Alt 1, 2 or 3) based on the results.
Offline proposal 2.C.2: 
OK
Offline proposal 2.C.3: 
We are okay with the second sub-bullet. The first sub-bullet may not be needed if d can be configured as 1.
Offline proposal 2.C.4:
OK
Offline proposal 2.C.5: 
OK in general. We think the two values (d=1 or d=CSI-RS periodicity) requires different levels of UE operation and complexity. The first value requires UE to perform both interpolation in time domain and prediction, while the second value does not require UE to perform interpolation. Hence we propose to add a bullet “The first candidate value (d=1) is optional for UEs supporting prediction.” to address UE vendors’ concern.  
Offline proposal 2.C.6: 
We think to agree on the values of K requires understanding of how the prediction is done on the triggered AP CSI-RS occasions. Assuming typical LMMSE or AR prediction algorithm, 
· If the triggered AP CSI-RS occasions are used to track the filter coefficients for prediction and predict the future CSI based on this tracked filter, large K values like 12 and 16 are needed.
· If the triggered AP CSI-RS occasions are just used to predict the future CSI based on a tracked time domain filter calculated from other RSs, small K values like 4 and 8 are sufficient. 
[Mod: Good point]
Hence we think more discussion (esp. on how prediction is performed based on AP CSI-RS occasions) is needed to determine the supported values of K.
Offline proposal 2.C.7: 
OK

	Fraunhofer IIS/Fraunhofer HHI
	Offline proposal 2.C.1:
We can be supportive of this proposal only if the values of  support . In our evaluations, we observed that per SD component, one or two Doppler components are sufficient to achieve a significant performance gain compared to the baseline. As the selection of Doppler components is performed commonly across all SD components, we observed a minimum of three common Doppler components are needed. Therefore, we do not support a single value i.e., Q = 2 Doppler components. 
Offline proposal 2.C.2: Support.
Offline proposal 2.C.3: Support.
Offline proposal 2.C.4: This proposal is interlinked with offline proposal 2.C.6. If the offset between two resources is 4 and if a total of  resources are used, then the measurement window length is equal to 32 slots. If dd unit d = 1, then prediction can be performed up to or more than 32 slots. In this case, we do not see the reason why  is not supported. We support the proposal if additional values of  are also supported. 
Offline proposal 2.C.5: Support.
Offline proposal 2.C.6: Support. We think additional values are not needed. 
Offline proposal 2.C.7: Support.

	Mod V25
	Revised proposals per inputs in TABLE 3C

Re proposal 2.B.2, since some companies don’t seem to have a good grasp how CQI actually works in relation to PMI (as if CQI and PMI were independent)  the current FL proposal puts CQI issue under FFS. Please read FL Note (we need some closure on this issue in this meeting). Please read inputs from Huawei and vivo which should help a lot. We need to discuss this.

Re 2.C family, I have revised the proposals based on the minimum companies can agree on. Values that aren’t common denominators are put under FFS and will be resolved in RAN1#111, if not RAN1#112. The proposals are intended to make small but measurable/meaningful progress on each topic and avoid halting progress unless “all” values are finalized. 
 

	Apple
	conclusion 2.B.1: We are fine

proposal 2.B.2: In general we are fine. But we are confused with “duration in which a CQI is associated with”, since in our view, CQI is associated with a PMI. 
[Mod: As I noted in FL note, that’s indeed the case. But some companies don’t think so (please check above inputs) which deviates from how CQI is calculated and interpreted. The FFS is intended as a placeholder for discussion]

proposal 2.C.1: We are fine

proposal 2.C.2: We are fine

proposal 2.C.3: We are fine

proposal 2.C.4: We are fine

proposal 2.C.5: The first sub-bullet talks about the first candidate value, and the sub-sub-bullet talks about the second candidate value. Some clarification is needed.
[Mod: Reworded the proposal for better clarity. I agree the previous wording can be confusing]

proposal 2.C.6: We are fine

proposal 2.C.7: We are fine


	NEC
	Generally fine for the proposals. 

	Mod V29
	Wording revision on proposal 2.C.5 for better clarity (no change in content)

	ZTE
	Proposal 2.B.1: We are fine.

Proposal 2.B.2: We can support for the first bullet of PMI. Then, for second bullet, in our views, if only a single CQI prediction is determined, as mentioned by FL, we think that the CQI should be determined according to the a given time instance rather than a duration (which seems impossible for a UE to guarantee the CQI performance for a quite long duration). A possible solution is based on the first time instance of PMI.

…. The time instance in which a CQI is associated with…
[Mod: Good suggestion]

Proposal 2.C.1: Please review our following results, where we can observe some gains for Q=3 and Q=4.  If going with current proposal (thanks for FL’s compromise solution for a bit small step), we suggest to change the wording, like ‘Companies are encouraged to evaluate performance of Q=3 and/or Q=4.’ PC1 is legacy scheme without Doppler prediction.
[Mod: Since obviously this issue should be decided based on SLS results, your suggested wording is not necessary  I assume companies who care about this issue will simulate. Else they perhaps don’t/shouldn’t have strong views, right? This holds for any issue in CSI which needs simulation.]
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Proposal 2.C.2: We are not convinced why δ=0 should be supported firstly (since we already have n-n_ref as an alternative). In our views, introducing additional time instances but not being used (from gNB perspective) only reduce/weaken the accuracy of CSI compensation. Then, greater than 0 is much more essential for guaranteeing performance.
[Mod: Added ZTE to no support]

Proposal 2.C.3: We can live with that, although not our first preference.

Proposal 2.C.4: We need to consider d=1 as a typical case, and then ‘5’ should be added in the candidate list, which is essential for us.
[Mod: Added ZTE to no support. FYI I have added 5 in FFS]

Proposal 2.C.5: We are open to consider that candidate value is based on periodicity or value of m, but, ‘d=1’ should be supported firstly in our views. That is, we prefer the original version from the FL. 

· First candidate value: d=1,
· Second candidate value: …
[Mod: This is not agreeable to many companies. Please scroll up and check their comments.]
Then, Alt1 and Alt2 in current version are a little bit confusing and seem only relevant to AP-CSI-RS.

Proposal 2.C.6: We prefer ‘5’.
[Mod: I have added 5 in FFS. So far 5 is only proposed by 2 companies. So I cannot add that in the proposal before checking. This will be done in later rounds. 
The values in the proposals are supported by many companies already and I see no reason why ZTE will have issue with them. But anyway I added ZTE as no support for now]
 
Proposal 2.C.7: We can live with the current proposal (but not for only ‘1’), but we think other values are needed, like ‘4’ and ‘5’.


	Mod V31
	Minor edit on proposal 2.B.2 per ZTE comment

	Ericsson
	Regarding Offline conclusion 2.B.1 and Offline proposal 2.B.2:  We have shown results that multiple CQIs is beneficial compared to single CQI for as shown below where the number of CQIs is given by (N4 / RCQI).  In the below figure, RCQI = N4 corresponds to a single CQI for the whole duration/window associated with the entire PMI.  In the figure, results for 50% RU are shown in (-x-) and results for 70% RU are shown in (-□-).  The gains of multiple CQIs is clearly evident from this figure.  The question then is does Offline conclusion 2.B.1 mean that only single CQI is supported?  
[Mod: Please scroll up and read previous comments and responses  The answer is, this is a completely separate issue to be discussed separately. Besides this is conclusion merely stating an irrefutable fact that there is no consensus. Hence no support]
 
Looking at Offline proposal 2.B.2, it seems the number of CQI(s) X is still TBD.  We think it may be a good direction to define the DD unit for CQI as WCSI/X.  Could someone clarify if such a definition is precluded already by Offline conclusion 2.B.1?
[Mod: No it’s not precluded. I agree with your assessment but as I said before (scroll up and read other comments please) some/many companies don’t quite understand how CQI calculation works in relation to PMI in the spec. It is then better to discuss the CQI issue further (e.g. offline session), hoping that there will be some common understanding].
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ok for Offline proposal 2.C.1.

For Offline proposal 2.C.2, we are not sure why δ=0 should be a first candidate by default.  Note that there will be some delay for gNB to process the CSI reported in slot n.  If the channel is predicted for slot n+δ, then δ=0 basically results in an outdated PMI, e.g., when N4=1.  We support multiple values of δ.  But which values of δ should be supported can be based on evaluation results.  We plan to submit some results for this in our tdoc.      

Ok with Offline proposal 2.C.3.

Ok with Offline proposal 2.C.4.

	CATT
	Offline conclusion 2.B.1: ok with the conclusion.
Offline proposal 2.B.2: Generally ok. But the CQI has to be associated with at least one PMI for testing purpose. The TBD bullet can be changed to:
· TBD(by RAN1#111)The duration/PMI in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) included in a CSI report X
[Mod: OK]
Offline proposal 2.C.2: Consider processing and scheduling delay after gNB receiving the reported CSI, δ=0 is not very useful. If only one additional non-zero value is added, it shall be larger than 1, i.e., the candidate value starts from  2.

	Mod V34
	Minor revision on 2.C.2 per CATT suggestion

	Mod V38
	No revision

	Fraunhofer IIS/HHI
	Offline proposal 2.C.4: 
We ask FL again to add  to the list of values.
[Mod: Added to FFS since there are companies having concern on 32]

	Samsung
	Offline proposal 2.C.1: support, we don’t observe any benefit with Q>2 when compared with Q=2
Offline Proposal 2.C.2
· In our view, Delta=0 is sufficient, since N4 can be > 1. The prediction accuracy depends on the start of the prediction window (l). Delta > 0 implies prediction window is farther away from the measurement, implying less accurate prediction. So, between delta=0 and delta>0, the former is preferable from prediction accuracy perspective. However, we can be OK to study “at most one additional non-zero value”
Offline proposal 2.C.2: For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· At most least one additional non-zero value
· FFS: the number of non-zero value(s) and the value(s), to be selected from 1, 2, 3, 4, 5, 6, and 8 
[Mod: I will change “At least one” to “One” which I believe is a good middle ground. I hope Samsung can compromise.]
Offline proposal 2.C.3: support
Offline proposal 2.C.4: support, suggest to include 8 also, which is needed for low UE speed (e.g. 10kmph)
[Mod: Some raise concern on 8 so I keep 8 in FFS for now]
Offline proposal 2.C.5: we support d=1
[Mod: Please read comments from other companies. Some raise concern on 1 so it’s FFS for now.]
Offline proposal 2.C.6: support
Offline proposal 2.C.7: support

	Mod V41
	Some revisions per companies inputs

	Lenovo
	Question 2.1:
In our opinion, multiple CQI values may need to be reported (or at least studied) based on the agreed WCSI value. We agree with companies’ comments that CQI aging may be slower than PMI, however it may be necessary to feedback at least two CQI values corresponding to the beginning and end of the WCSI window
Question 2.2:
Q  Support Alt 1
 Support Alt 1
WCSI  Support Alt 3
N4  Support
d  Support Alt 1
K  Support
m  Support Alt 1
Offline conclusion 2.B.1:
The scope of the conclusion is not clear. Does that imply no support of multiple CQI reporting? Or just that the number of CQI values reported is not equal to number of DD units?
[Mod: Added a note. The two are separate issues. Even if >1 CQIs are supported, there is no need for the notion of DD unit for CQI. Please check my previous comments (e.g. to Ericsson) and discussion. Also the TBD in 2.B.2]
Offline proposal 2.B.2:
Support
Offline proposal 2.C.1:
In our opinion, the values WCSI, Q, N4 and d need to be discussed together. Is it possible to discuss combinations of these parameters for a more constructive discussion?
[Mod: Although it’s always nice to consider multiple related issues together (almost impossible to progress well when this is done IME), this would unnecessarily complicate the discussion. W_CSI=d.N4 is pretty much consensus (which depend on two independent variables d and N4 – which can be discussed separately). 
IMO, I also agree Q should depend on N4 but (scroll up and check companies’ comments) none seem to agree with me. But then SLS results from some companies have shown that there isn’t much gain beyond Q=2 (for the UE speed of interest) regardless of N4. 
We can consider them separately. Again please check the comments above]
Offline proposal 2.C.2:
Support
Offline proposal 2.C.3:
Support
Offline proposal 2.C.4:
Same comment, the values WCSI, Q, N4 and d need to be discussed together 
[Mod: See above]
Offline proposal 2.C.5:
Support
Offline proposal 2.C.6:
Support, prefer to start with value 4 only. 
Offline proposal 2.C.7:
Support

	Google
	Offline conclusion 2.B.1: Support
Offline proposal 2.B.2: Support
Offline proposal 2.C.1: Support
Offline proposal 2.C.2: We think the first value should be 1.  ‘0’ may still imply some prediction in gNB side is needed.
[Mod: Since CSI-RS is no later than n-n_ref, even with delta=0, some prediction (relative to CSI-RS) is needed. Besides, W_csi is not 1.]
Offline proposal 2.C.3: Support
Offline proposal 2.C.4: Support
Offline proposal 2.C.5: Support
Offline proposal 2.C.6: Support
Offline proposal 2.C.7: Support

	Spreadtrum
	Offline conclusion 2.B.1: 
Support.
Offline proposal 2.B.2: 
Support. Regarding TBD part, we prefer only one CQI in a CSI report. The CQI is associated with the PMI corresponding to the first slot of the prediction window WCSI.
Offline proposal 2.C.1: 
Support.
Offline proposal 2.C.2: 
We also think δ=0 is not useful. But no strong concern since at least one non-zero value will be supported, which can be used directly by gNB without the need of further CSI prediction.
Offline proposal 2.C.3: 
Support.
Offline proposal 2.C.4: 
Support.
Offline proposal 2.C.5: 
Support.
Offline proposal 2.C.6: 
Support.
Offline proposal 2.C.7: 
Support.

	Nokia/NSB
	Offline proposal 2.B.2
Ok.
Offline proposal 2.C.1

Offline proposal 2.C.2
Fine as a compromise, although we think only one value  is sufficient

Offline proposal 2.C.3
Support 

Offline proposal 2.C.4
Ok

Offline proposal 2.C.5:
Support. There may be a typo: 
· Support at least the following candidate value:  
· If the configured CMR is P or SP-CSI-RS, the first second candidate value is the periodicity of the CSI-RS,
· If the configured CMR is AP-CSI-RS, the second candidate value is the configured value of m parameter
Offline proposal 2.C.6
Ok. Typo:

· FFS: If additional candidate value(s) of K M are supported, e.g. 5, 12, 16

Offline proposal 2.C.7
Ok
[Mod: Thanks for the careful read and catching those typos]

	Mod V54
	Minor revision: typo correction and added a note for clarity
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Table 5.2.2.2.5-1: Codebook parameter configurations for L, g and p,
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