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[bookmark: _Ref5850594]Introduction
The FL summary of the proposals in the submitted contributions ([1]-[12]) for Rel.16 NR_eMIMO MU-CSI maintenance is given below and categorized under the following sections:
· High priority (essential)
· Editorial
· Low priority (non-essential) 
Views expressed during the preparatory email discussion are included as well. In addition, there is one contribution in this agenda item that does not pertain to MU-MIMO CSI [11] and therefore is not addressed in this summary. 

[bookmark: _Ref529369566]Summary 
1 
2 
High priority (essential) 
The following issues pertain to some ambiguity in the current description of the specs and may have some significant impact on spec completeness and/or UE implementation. Some of these issues, however, are still subject to further assessment. 

Table 1 High-priority (essential)
	Issue
	Description/Proposal
	Supporting companies 

	H.1: SB size is undefined when NPRB < 24
	Alt1. NSB = 1 if csi-ReportingBand is not present (when NPRB < 24)
	Support: Huawei/HiSi, ZTE, CATT, OPPO

	
	Alt2. UE expects csi-ReportingBand to be configured
· Note: This implies that when the UE is configured with eType-II CSI, the UE is not expected to be configured with NPRB < 24 (i.e. NPRB is at least 24)  
	Support: Apple, Spreadtrum, Samsung, LGE, vivo, Fraunhofer/HHI, Nokia/NSB, Qualcomm , Ericsson

	H.2: Per-layer bitwidths of ,  and  (bitmap size) is missing in 38.212, leading to ambiguity in per layer bitwidth of these parameters
Note: A good number of companies consider this editorial (i.e. can be moved to section 2.2) since there is no ambiguity in the corresponding agreement
	6.3.2.1.2	CSI
TP for TS 38.212 after Table 6.3.2.1.2-1A:
Note: the bitwidth for ,  and  shown in Table 6.3.2.1.2-1A is the total bitwidth of ,  and  up to Rank = v, respectively, and the corresponding per layer bitwidths are , , and 4, where  as defined in Subclause 5.2.2.2.5 in [6, TS 38.214] is the number of nonzero coefficients for layer  such that .
TP for TS 38.212 after Table 6.3.2.1.2-2A:
Note: the bitwidth for ,  and  shown in Table 6.3.2.1.2-2A is the total bitwidth of ,  and  up to Rank = v, respectively, and the corresponding per layer bitwidths are , , and 4, where  as defined in Subclause 5.2.2.2.6 in [6, TS 38.214] is the number of nonzero coefficients for layer  such that .
	Support: Samsung, Apple, Spreadtrum, Nokia/NSB, OPPO, LGE, vivo, Ericsson

Against (not necessary): CATT, Huawei/HiSi, Fraunhofer/HHI

	H.3: Current range of  value can lead to negative value of when  hence some correction is proposed
Note: A good number of companies consider this editorial (i.e. can be moved to section 2.2) since there is no ambiguity in the corresponding agreement
	TP for TS 38.214:
5.2.2.2.5	  Enhanced Type II Codebook

For all values of ,  for . The nonzero elements of , identified by  are found from  , for , and from   and , for , using   as defined in 5.2.2.2.3 and the algorithm:
 
if 
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T = 
end if
for 
Find the largest  in Table 5.2.2.2.5-4 such that
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end if
end if
	Support: LGE (is fine not to discuss this), Apple, Spreadtrum, OPPO

Against (not necessary): Nokia/NSB, CATT, Samsung, Ericsson 

	H.4: ‘PMI format indicator’ (wideband vs. subband) for eType-II CSI (including port selection)
Issue: While eType-II includes frequency selective PMI, it is neither wideband nor subband due to DFT-based compression. It is a single reported PMI indicating a recommended precoder for each frequency unit
	Alt1. For eType-II CSI and eType-II port selection CSI, UE shall expect pmi-FormatIndicator to be configured as ‘widebandPMI’
	ZTE

	
	Alt2. For eType-II CSI and eType-II port selection CSI, UE shall expect pmi-FormatIndicator to be configured as ‘subbandPMI’
· Motivation is to emphasize that eType-II only supports frequency-selective PMI reporting
	Apple, Qualcomm

	
	Alt3. For eType-II CSI and eType-II port selection CSI, the parameter pmi-FormatIndicator is not used/configured
· It is unclear why pmi-FormatIndicator is a relevant parameter for eType-II since the reporting is performed in a compressed domain
	Apple, Spreadtrum, ZTE, Huawei/HiSi, CATT, Qualcomm, Samsung, OPPO, LGE, Fraunhofer/HHI, Nokia/NSB, Ericsson 



For the above issues, the following initial proposals are made.


[bookmark: _Ref33025908]Editorial 
The following issues pertain to relative simple editorial corrections which are valid and not expected to be contentious. Some textual refinement may be fitting and can be discussed.

Table 2 Editorial
	Issue #
	Description/Proposal
	Companies

	E.1 Typographical fix and clarification
	[bookmark: _Toc29673185][bookmark: _Toc29673326][bookmark: _Toc29674319][bookmark: _Ref497329141][bookmark: _Toc12021472][bookmark: _Toc29673186][bookmark: _Toc29673327][bookmark: _Toc29674320]5.2.2.2.5	 Enhanced Type II Codebook
*** Unchanged text is omitted ***
For all values of ,  for . The nonzero elements of , identified by  are found from  , for , and from   and , for , using   as defined in 5.2.2.2.3 Table 5.2.2.2.5-4 and the algorithm:
*** Unchanged text is omitted ***

5.2.2.2.6	 Enhanced Type II Port Selection Codebook
*** Unchanged text is omitted ***
The codebooks for 1-4 layers are given in Table 5.2.2.2.6-2, where  is a -element column vector containing a value of 1 in element  and zeros elsewhere (where the first element is element 0), and the quantities  and are defined as in clause 5.2.2.2.5.

5.2.3    CSI reporting using PUSCH
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]*** Unchanged text is omitted ***



When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1, where  is the number of CSI reports configured to be carried on the PUSCH. Priority 0 is the highest priority and priority  is the lowest priority and the CSI report n corresponds to the CSI report with the nth smallest Prii,CSI(y,k,c,s) value among the  CSI reports as defined in Clause 5.2.5. The subbands for a given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered continuously in increasing order with the lowest subband of csi-ReportingBand as subband 0. When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level. 
[bookmark: _Hlk25262362]-	For Enhanced Type II reports, for a given CSI report , each reported element of indices   and , indexed by  and , is associated with a priority value , with  with , , and , and where  is defined in Clause 5.2.2.2.5. The element with the highest priority has the lowest associated value . Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-2, 5.2.3-1, where 
*** Unchanged text is omitted ***
	Support: CATT, Apple, Spreadtrum, Nokia/NSB, Samsung, OPPO, Fraunhofer/HHI, Ericsson

	E.2 Addressing issues with the description  “The remaining  indicators “ and “The  indicators …” and confusion on the definition of the modulus of a negative value
	5.2.2.2.5	Enhanced Type II Codebook

For 4 antenna ports {3000, 3001, …, 3003}, 8 antenna ports {3000, 3001, …, 3007}, 12 antenna ports {3000, 3001, …, 3011}, 16 antenna ports {3000, 3001, …, 3015}, 24 antenna ports {3000, 3001, …, 3023}, and 32 antenna ports {3000, 3001, …, 3031}, and UE configured with higher layer parameter codebookType set to ' typeII-r16'
--- Unchanged text omitted ---------
Let  be the index of  and  be the index of  which identify the strongest coefficient of layer , i.e., the element  of , for  and . The codebook indices of  are remapped with respect to  as , such that , after remapping. The index  is remapped with respect to  as , such that the index of the strongest coefficient is  (), after remapping. The indices of ,  and  indicate amplitude coefficients, phase coefficients and bitmap after remapping.
--- Unchanged text omitted ---------
The amplitude and phase coefficient indicators are reported as follows:
-	, ,  and   . The indicators ,  and  are not reported for .
-	The indicator  is reported for .
-	The  indicators  for which  and  are reported. 
-	The  indicators  for which  and  are reported. 
-	The remaining  indicators  are not reported and the corresponding  are reported.
-	The remaining  indicators  are not reported and the corresponding  are reported.
- The  indicators  for which ,  are reported. 
- The  indicators  for which ,  are reported. 
- The remaining  indicators  are not reported.
- The remaining  indicators  are not reported.

	Support: Ericsson, OPPO, Apple, Spreadtrum, Nokia/NSB, Samsung, OPPO, Fraunhofer/HHI

	E.3 Notation alignment for # NNZC

Replace notation  in TS 38.212 [2] with notation  in TS 38.214

	Table 6.3.2.1.2-5A: Mapping order of CSI fields of one CSI report, CSI part 2 of codebookType=typeIIr16 or typeIIr16-PortSelection
	CSI report number
	CSI fields

	CSI report #n
CSI part 2, group 0
	PMI fields , from left to right as in Tables 6.3.2.1.2-1A/2A, if reported

	CSI report #n
CSI part 2, group 1
	The following PMI fields , from left to right, as in Tables 6.3.2.1.2-1A/2A: , ,  and  highest priority bits of
 highest priority bits of  and  highest priority bits of , in decreasing order of priority based on function  defined in section 5.2.3 of TS38.214, if reported

	CSI report #n
CSI part 2, group 2
	The following PMI fields , from left to right, as in Tables 6.3.2.1.2-1A/2A  lowest priority bits of  lowest priority bits of  and  lowest priority bits of , in decreasing order of priority based on function  defined in section 5.2.3 of TS38.214, if reported



1. The text above the Table 6.3.2.1.2-1A shall be updated as follows
“The bitwidth for PMI of codebookType=typeII-r16 is provided in Tables 6.3.2.1.2-1A, where the values of , , , , , and  are given by Clause 5.2.2.2.5 in [6, TS 38.214]. “
2. The text above the Table 6.3.2.1.2-2A shall be updated as follows
“The bitwidth for PMI of codebookType=typeII-PortSelection-r16 is provided in Tables 6.3.2.1.2-2A, where the values of , , , , and  are given by Clause 5.2.2.2.6 in [6, TS 38.214]. “
3. The indicator  associated with the “Information field ” in Table 6.3.2.1.2-1A/2A for 
a. Rank 1,  shall be corrected to .
b. Rank 1,  shall be corrected to .
4. The indicator  associated with “Information field ” in Table 6.3.2.1.2-1A/2A for 
a. Rank ,  shall be corrected to .
b. Rank , shall be corrected to .
5. The indicator  associated with “Information field ” in Table 6.3.2.1.2-1A/2A for 
a. Rank ,  shall be corrected to .
b. Rank , shall be corrected to .
	Support: Fraunhofer/HHI, Apple, Nokia/NSB, Samsung, OPPO, Ericsson



For the above issues, the following initial proposals are made.

Non-essential 
The following issues pertain to non-essential proposal (see below for FL assessment) and therefore will not be discussed during the eMeeting. 

Table 3 Non-essential
	Issue #
	Proposal(s)
	Companies

	N.1
	At least one orthogonal spatial beam group with no less than L beams available after CBSR

FL assessment: It is unclear if this cannot be handled by gNB implementation
	Support: Huawei/HiSi

	N.2
	· R = 2 and N3<=19 is an optional
· for FR2, the maximum number of configured aperiodic CSI reporting settings = 4 (same as R15)

FL assessment: These are UE capability issues
	Support: vivo

	N.3
	When , the size of the intermediate set is given by  for RI={1,2,3,4}, where  is the number of FD bases selected for RI={1,2}.

FL assessment: Assuming if this proposal indeed offers some benefit, it is optimization at best and non-essential
	Support: Qualcomm




Preparatory email discussion (02/18-21):  
In addition to the captured comments in the above subsections, some additional comments can be summarized below. Some of the comments below are also relevant for the second phase of the eMeeting discussion.

Table 4 Additional comments
	Company
	Comment

	Nokia/NSB
	On H.3: For the problem to occur, it must be that  is  for some . One realises that the values of  are strictly decreasing with  and for  it can never happen that  for any , by definition of .
On E.2: 
· The added text regarding the modulo operation is unnecessary, because there is no ambiguity: all indices, including  and  are nonnegative, so the modulo operation with negative argument is uniquely defined. Besides we use modulo with negative argument elsewhere without need to add this explanation, for example in the definition of IntS
· We do not agree with the last TP because it can imply that the bitmap bits corresponding to the SCIs are not reported (“The  indicators  for which  are reported”). However we agree with Oppo’s TP, which fixes an error in the last two bullet points (it’s not the indicators and  that are 0 but the corresponding bitmap value). In short, we suggest keeping the 4 bullet points corrected as follows:
- The  indicators  for which ,  are reported. 
- The  indicators  for which ,  are reported. 
- The remaining  indicators  are not reported.
- The remaining  indicators  are not reported.
[Late comment, to be discussed in the next F2F meeting]
Regarding the codebook configurations resulting in, we noticed that the formula for  and the algorithm to invert it are undefined for. We realise this input comes quite late in the agenda discussion for next week so we are fine to postpone it to next meeting if the FL suggests so.

In our view the problem could be fixed easily, with the following TP in Sec. 5.2.2.2.5:

--- Unchanged text omitted ---
For all values of ,  for . The nonzero elements of , identified by  are found from  , if reported, for , and from   and , for , using   as defined in Table 5.2.2.2.5-4 and the algorithm:

--- Unchanged text omitted ---------

When  and  are known, and  are found as follows:
-    If  ,  and is not reported. If , , for , and is not reported. If ,, where  is given in Table 5.2.2.2.5-4 and where the indices  are assigned such that  increases as  increases.
--- Unchanged text omitted ---------


	CATT
	Re H.2: it is not needed.
Bitwidths defined in Tables 6.3.2.1.2-1A/2A are referenced only in Table 6.3.2.1.2-5A. For proper interpretation of Table 6.3.2.1.2-5A, only total bitwidth across all layers of those parameters matter. The total bitwidth across all layers are already defined in Tables 6.3.2.1.2-1A/2A. With this definition together with 38.214, gNB and UE would have the same understanding. I don’t think there is any ambiguity.

	Samsung
	Re H.2: we disagree with the comment that “the bitwidth of those parameters can be inferred from description in TS 38.214” since 38.214 specifies PMI components and their mapping to quantities they indicate, whereas TS 38.212 specifies the payload of PMI components. If payload of a PMI component is not specified in 38.212, then its payload can be ambiguous. Also, if “the bitwidth of those parameters can be inferred from description in TS 38.214”, then why do we need payload tables in TS 38.212 [since] we can interpret the payloads from TS 38.214?

	Qualcomm
	Re H.1: 
In Rel-15, it is a common understanding that there is only one subband when NrB < 24, i.e., UE only report one i2. However, it becomes controversial in Rel-16 due to frequency domain compression. For instance, a Rel-15 CSI may comprise a precoder with L=4, but a Rel-16 CSI may comprise a precoder with L=3 even though L=4 is configured because beta value is at most ¾. The performance of Rel-16 CSI in this case is likely to be worse than Rel-15. Following this logic, the same observation may exist in the case where csi-ReportinBand is configured, but there is only one single subband. 
We kindly suggest that in this e-Meeting, we may focus on the case where a single subband is configured, including both 1) NrB < 24 and 2) Nrb >= 24 and single subband is configured in csi-Reporting band. The proposed text for H.1 is the following:
Issue:
Whether supporting single subband configuration. 
· Note: includes 1) NrB < 24 and 2) Nrb >= 24 and single subband is configured in csi-ReportingBand

Alternations:
Alt1: support as Nsb = 1;
Alt2: not support:UE expect csi- ReportingBand to be configured and there should be at least two “1”s in the csi-ReportingBand.
FL comment: The proposal to discuss the combination of Nrb ≥ 24 and Nsb = 1 in conjunction with H.1 is opposed by the following companies:
· Oppose (corner case, already supported in Rel.16 hence proposal is optimization, deferred to the next F2F meeting): Samsung, ZTE, vivo, Nokia/NSB  

	Huawei/HiSi
	Re H.1: A codebook shall be able to support all bandwidths for CSI acquisition generically.

Re H.2: There is no ambiguity in 212 and 214. The benefit representing details of payloads in 212, in addition to 214, may come from that 212 can summarize exact payload sizes in 212 and mainly serve as a good reference of a codebook design for payload determination. For Rel-16 eTypeII, we have deliberately designed to share UL payload across layers up to the UE implementation. Therefore strictly speaking fixed payload size per layer from gNB point of view does not occur for Rel-16 eTypeII. In summary, 212 may not need to repeat all details if 214 is sufficient since it may lead to additional spec cross-check.

	Samsung
	Re H.2: 
· First, there should be consistency on how payload is specified in 212. It is strange that payload of some PMI components are specified for each layer, and for some, they are specified as a total across layers. 
· Second, the spec editor should follow the agreements, and the agreements clearly say that these components are per layer. Please see the Table 1 below which captures the agreements made up to RAN1#98.
· [bookmark: _GoBack]Third, regarding the ambiguity, and comments that ”The per-layer payload can easily be figured out from the description in 214”, I give one example below.
· for rank 2, if payload of bitmaps is not captured per layer (which is the case in current spec), then the payload of bitmaps for layer 1 and 2 can be:
· Alt1: (2LM, 2LM) (This is the agreement)
· Alt2: (X,Y), where X < 2LM, Y > 2LM such that X+Y = 4LM. I can come up with a mapping which maps the indicators for the bitmaps (,) to UCI bits (X,Y). 
· Fourth, I disagree with Min’s comments “For Rel-16 eTypeII, we have deliberately designed to share UL payload across layers up to the UE implementation. Therefore strictly speaking fixed payload size per layer from gNB point of view does not occur for Rel-16 eTypeII.” The payload of bitmap is fixed, and is not up to UE implementation. Also, the max payload of amp/phase coefficients is also fixed, and is not up to UE implementation. The only freedom the UE has is that the UE can choose #NZ coefs across layers freely such that the total #NZ coefs. is within the upper bound 2K0 and per layer #NZ coefs. is within the upper bound K0.

Relevant agreement:

	Bitmap per layer
	UCI part 2
	RI=1-2: for layer l, size-
For RI=3-4, bitmaps, each with size-2LMi (i=0,1,…, RI-1, where i denotes the i-th layer) are reported in UCI part 2








FL proposal for phase-2 discussion 
Based on the above summary and inputs from the participants, three sub-threads (discussion topics) will be started during the official discussion week of the RAN1#100-e eMeeting. 
The three topics will correspond to the following issues:
· Thread A (SB size is undefined when NPRB < 24): issue H.1 – use the following two alternatives as a starting point and aim to finalize the corresponding TP
· Alt1. NSB = 1 if csi-ReportingBand is not present (when NPRB < 24)
· Alt2. UE expects csi-ReportingBand to be configured
· Note: This implies that when the UE is configured with eType-II CSI, the UE is not expected to be configured with NPRB < 24 (i.e. NPRB is at least 24)  
· Thread B (Necessity and/or configuration for pmi-FormatIndicator): issue H.4 – agree on the following and finalize the corresponding TP 
· For eType-II CSI and eType-II port selection CSI, the parameter pmi-FormatIndicator is not used/configured
· Thread C (editorial changes): issues H.2, E.1, E.2, and E.3 – finalize the corresponding combined TP  
· The TPs associated with E.1, E.2, E and E.3 are agreed in principle
· Whether the TP in H.2 is necessary still needs to be discussed
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