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[bookmark: _Ref8167685]Based on the agreements made in RAN1#98bis [2], the following items will be summarized in this contributions to facilitate the completion of open issues based on the submitted contributions ([4]-[20]) along with the outcome of offline email discussion led by the FL [3]:
1. Additional details on CSI measurement and reporting 
2. UE capability issues
Given only one meeting left for the WI and the limited on-line and off-line time for MU-CSI, only issues potentially critical to the completion of Rel.16 Type II codebook/CSI are discussed. 

[bookmark: _Ref529369566]Summary 
1 
2 
Additional details on CSI measurement and reporting for Rel.16 Type II 
As the design of Rel.16 Type II codebook (with DFT-based compression) is close to completion, it is natural that companies start spotting some further details on the respective CSI reporting aspects. The following issues are discussed and proposed.

a) CBSR inequality for “Alt3A”
During the email discussion on the draft CR for TS38.214-MU-CSI, the following was discussed regarding the CBSR inequality (copied below for convenience) for “Alt3A” (cf. RAN1#98bis [2]): 
· The LHS is an average power
· 
The RHS (), if directly taken/chosen from the Rel.15 2-bit amplitude restriction table, comprises an amplitude
	



 for each  where  denotes the number of NZCs associated with .
· 
[bookmark: MTBlankEqn]The value of  is configured from the Rel.15 2-bit amplitude restriction table




If “is configured from” is interpreted as “is directly taken/chosen from”, there is some mismatch between the LHS and RHS. However, from the email discussion, it is understood that such mismatch is to be avoided. Several text proposals have been suggested (e.g. [12] which suggests to add square root operation to both LHS and RHS, or configure the value of  from the Rel.15 amplitude restriction table). However, it should be understood that the manner in which an agreement is captured in the specification is the prerogative of the spec editor. Therefore, it suffices to agree on the interpretation to avoid the aforementioned mismatch.

	Observation: On the inequality for “Alt3A” CBSR (as agreed in RAN1#98bis), the LHS represents average power while the RHS represents amplitude if “is configured from” is interpreted as “is directly taken/selected from”.   
· This would result in some mismatch

Proposal: On the inequality for “Alt3A” CBSR (as agreed in RAN1#98bis), add the following clarification (marked in red):
· 
The value of power threshold  is configured from the Rel.15 2-bit amplitude restriction table
· Note: How to describe the relation between the power threshold and the Rel.15 2-bit amplitude restriction table in the specification (i.e. power is amplitude squared) is up to the editor of TS38.214



Companies’ views on the above FL proposal can be summarized as follows. As evident, the super-majority supports the FL proposal as is. Note that the proposal from Samsung to amend the inequality agreed in RAN1#99 is one of the possibilities already discussed in the email discussion for the draft CR. The editor of TS38.214 can himself opt for this alternative if he so chooses. However, this should be up to the spec editor (rather than imposed) as it is his prerogative. 

Table 1 FL proposal on CBSR inequality: companies’ view
	Category
	No. companies
	Companies 

	Support above FL proposal as is
	15
	Apple, CATT, Ericsson, Fraunhofer/HHI, Huawei/HiSi, Intel, LGE, Nokia/NSB, NTT Docomo, Qualcomm, Spreadtrum, ZTE 

	Support above FL proposal, but amend agreed inequality by changing the LHS with a square root
	3
	MotM/Lenovo, Samsung



b) UE behavior when soft amplitude restriction is not supported for CBSR
The following was agreed offline [3]:
	Offline agreement: On CBSR:
· In RAN1#99, agree on the additional text (draft CR) for clarifying the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Draft CR proposals to be submitted to Rel.15 MIMO maintenance AI
· The same UE behavior for dealing with Rel.15 Type II CBSR is applied to Rel.16 Type II CBSR when the UE does not support soft amplitude restriction (“Alt3A” in RAN1#98bis)
· Note: The agreement in RAN1#98bis implies that a UE capability on whether the UE supports soft amplitude restriction is introduced



During the discussion, it is commonly understood that the above offline agreement implies the following UE behavior for Rel.16 Type II CBSR:
· When the UE does not support soft amplitude restriction (as indicated by the respective UE capability signaling), the UE is not expected to be configured with amplitude restriction values other than “0” and “1” 
· This UE behavior is expected for Rel.15 Type II CBSR despite the lack of clarity in TS 38.214
Several text proposals can be found in companies’ contributions. Since, just as the above issue a), the manner in which the above is described is the prerogative of the spec editor, it suffices to agree on the following.
	Proposal: On the UE behavior for Rel.16 Type II CBSR:
· When the UE does not support soft amplitude restriction as indicated by the respective UE capability signaling, the UE is not expected to be configured with amplitude restriction values other than “0” and “1” 
· Note: How to describe this in the spec is up to the editor
· Note: a CR to fix this issue for Rel.15 Type II CBSR will be discussed. The text in the Rel.15 CR, if endorsed, can be reused.



Companies’ views on the above FL proposal can be summarized as follows:

Table 1 FL proposal on soft amplitude restriction for CBSR: companies’ view
	Category
	No. companies
	Companies 

	Support above FL proposal
	16
	Apple, CATT, Ericsson, Fraunhofer/HHI, Intel, LGE, MotM/Lenovo, Nokia/NSB, NTT Docomo, Qualcomm, Samsung, Spreadtrum, ZTE 

	Do not support above FL proposal
	--
	--



c) Mapping order for UCI bits
In [16], Nokia/NSB proposes to refine the description in TS 38.212 by using two separate tables: one for group G0 (which does not require mapping based on priority function), and another for groups G1 and G2 (which require mapping based in priority function). The main reason is to accurately reflect the ordering due to the use of permutation in G1/G2. 
However, whether such refinement is functionally essential or not is still unclear. If this proposal is simply editorial by nature, it is non-essential (since it is the editor’s choice).
 
Table 1 Refinement on description for mapping order: companies’ view
	Category
	No. companies
	Companies 

	Alt1A. Need refinement: two separate tables: one for group G0 (which does not require mapping based on priority function), and another for groups G1 and G2 (which require mapping based in priority function)
	4
	Ericsson, Intel, Nokia/NSB

	Alt1B: Need simple refinement: but one table should suffice
	2
	CATT, Qualcomm 

	Alt2. Do not need refinement (current text is already clear and accurate, editor can add some reference to Priority) 
	7
	Fraunhofer/HHI, LGE, MotM/Lenovo, Samsung, ZTE



More detailed comments from companies are given below.

	Apple
	We are open for discussion whether this is simply editorial change or it is absolutely needed

	Ericsson
	The description in the current 38.212 is incomplete and needs to be updated anyway. I think we should avoid using the priority function in 212 and instead construct the codebook indices in 214 such that the bits are already mapped from high to low priority so that we in 212 can split up a codebook index depending on MSB and LSB, according to the example below. I think the only addition that needs to be made is to make a new joint bitmap indicator i_1,7 which indicates the bitmap for all layers.

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 codebookType=typeIIr16 or typeIIr16-PortSelection and if reported

	CSI report #n
CSI part 2, group 1
	PMI fields  in the following order: ,l=0,..,RI-1, ,  , l=0,…,RI-1 , , and  MSBs of l,=0,…,RI-1,  MSBs of   l,=0,…,RI-1 and   MSBs of , if codebookType=typeII-r16 or typeII-PortSelection-r16 and if reported

	CSI report #n
CSI part 2, group 2
	PMI fields  of  lowest priority the non-zero coefficients and the  lowest priority bits of bitmap, if codebookType=typeIIr16 or typeIIr16-PortSelection and if reported






	Qualcomm
	For Alt1, the intention of using two tables is unclear to us. In our view, it is important to map the bitmap, differential amplitude and phase following the priority order. So, a simpler way may be using one table, and adding the following text “in decreasing order of priority based on function  defined in section 5.2.3 of TS38.214” for G1 and G2.
To Ericsson, we don’t see any issue of using priority function in 212 spec. 
Besides, the WB and SB CQI mapping is missing and should be added. I assume it shall be included in G0.

	Nokia/NSB
	In our view a clarification is needed on whether the bit mapping order of the CSI fields: bitmap, NZC differential amplitudes and phase, should follow the order defined in the codebook description in 214 (sec. 5.2.2.2.5), or that of the priority function defined in 214 (sec. 5.2.3). This bit mapping order is applied in the general case even when an omission does not occur.
We think it is preferable for the bit ordering of the three indicators to reflect the priority ordering established by the function , otherwise omitting a priority group would require a UE to calculate the positions of individual bits to remove, after the UCI fields are encoded.
We also think the easiest way to achieve this is in the specification text of 212 rather than 214, by updating, for example, the mapping order table as follows.
In our view what is important is to agree a text description of the CSI fields in Group 1 and 2, rather than having two tables. One table or two is an editorial choice, but having two tables helps with clarity in Table 6.3.2.1.2-7 which is to be updated as well.

Table 6.3.2.1.2-4A: Mapping order of CSI fields of one CSI report, CSI part 2 Group 0 of codebookType=typeII-r16 or typeII-PortSelection-r16
	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



Table 6.3.2.1.2-5A: Mapping order of CSI fields of one CSI report, CSI part 2 Group 1 and 2 of codebookType=typeII-r16 or typeII-PortSelection-r16
	CSI report #n
CSI part 2, group 1
	PMI fields , from left to right as in Tables 6.3.2.1.2-1A/2A, with  highest priority bits of the bitmap,  highest priority nonzero coefficient amplitudes and phases, 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
	PMI fields ,  lowest priority bits of the bitmap and the  lowest priority nonzero coefficient amplitudes and phases, in decreasing order of priority, based on function  defined in section 5.2.3 of TS38.214, if reported




	ZTE
	We think the current specification in 212 is clear enough. For sure, the tables need some clean-up work on aligning the terms like “weaker polarization”, “FD indicator” with 214, and perhaps a reference of the priority definition to 214. Other than this, the current text is sufficient to give a clear description without ambiguity.
To Qualcomm, this is Part 2 CSI of rank<=4, why do we need a new CQI in Part 2?

	CATT
	Our view is similar to Qualcomm. It is clear and simple to add the following text “in decreasing order of priority based on function  defined in section 5.2.3 of TS38.214” for G1 and G2. We think one table is concise and clear for mapping order.

	LGE
	By adding a reference of the priority, the current specification seems more clear to the mapping order

	Intel
	We agree with the comment from Ericsson in principle

	Fraunhofer/HHI
	We are fine with either one or two tables. For the ordering of the three indicators, it would be sufficient to add a reference in the specification text of 212 to refer to the priority function captured in 214.

	Samsung
	This issue is editorial and there is no need for any RAN1 agreement for this. The current CR is sufficient, but, some clarification can be suggested to the editors in the CR phase.

	MotM/Lenovo
	Agree with Samsung that this is editorial in nature although clarification on the order of the UCI bits should be specified.



Based on the above discussion, the following proposal can be made:

	Conclusion: On the mapping order for UCI bits, there is no consensus in refining the text in TS38.212 using two separate tables.
Proposal: In RAN1#99, discuss and agree on the clarification suggestion to the editor of TS38.212 on the mapping order/priority for the UCI bits 



d) Specifying the use of two CPUs
In [17], Apple proposes the use of two CPUs for each of the following scenarios: 1) L=6, 2) N3>19, 3) Rank 3-4 (where the combination of such is FFS). The main reason is that any of these combinations can impose higher UE complexity. 
However, whether such scenarios are the only ones impacting UE complexity remains to be discussed. For instance, the issue of N3-based versus R-based feature differentiation is still open (e.g. perhaps it is R=2 that may benefit from more CPUs). Furthermore, it is unclear if this requires any specification support. That is, given the number of CPUs the UE is capable of support, the manner in which the UE utilizes the available CPUs (at a given time) is left to UE implementation.  

Table 2 The use of two CPUs for Rel.16 Type II CSI: companies’ view
	Category
	No. companies
	Companies 

	Alt1. Specify the scenarios where the UE uses two CPUs, and if so, which scenarios
	5
	Apple (L=6, N3>19, Rank 3-4), LGE (at least rank 3-4), Qualcomm, ZTE (2nd preference, but limited to L=6), Spreadtrum

	Alt2. No need to specify the scenarios where the UE uses two CPUs (or in general how the UE uses multiple CPUs) – left to UE implementation
	9
	Ericsson, Huawei/HiSi, MotM/Lenovo,  Nokia/NSB, Samsung, ZTE (1st preference)

	Alt3. Specify the scenarios where the UE indicates the number of CPUs as part of UE capability signalling, and if so, which scenarios
	1
	Intel (N3>19, 1 or 2 CPUs is used depending on UE capability)



More detailed comments from companies are given below.
	Apple
	We support the proposal 

	Qualcomm
	It would be useful to specify multiple CPU utilization. 
Alt2 is unclear to us. If CPU utilization is left to UE implementation, the gNB would not know how many CPUs a UE uses – some UE use 1 CPU while some other UEs use 2 CPUs. Such misalignment would cause ambiguity between gNB and UE – the gNB may expect the triggered reports are within the CPU budget of a UE, but it may actually beyond the budget. From this perspective, we think it is necessary to specify the multiple CPU utilization.

	Nokia/NSB
	We are sure about the need to introduce specification support for this. The codebookParameters related capabilities should be enough to limit simultaneous CSI report configurations depending on specific UE implementation complexity

	ZTE
	We think a better expression for the essence of Alt 2 should be:
Alt 2: In any case, one Rel-16 Type II CSI report occupies one CPU.
This is just the same as Rel-15 behavior. We are supportive to this expression. 
In addition, we understand UE vendors’ concern on the complexity. So we can accept to identify the most significant parameter among them. Based on previous discussion, L seems to be the most significant factor, so we can accept Alt 1 by limiting it to L=6 only as our second preference. 

	LGE
	Compared to Rel-15 Type II CSI which supports upto rank 2, Rel-16 Type II can support upto rank 4. Also, each layer can be independently measured and calculated, thus as supported layer increases, UE complexity grows. In that sense, at least for rank 3-4, it seems beneficial to have 2 CPU occupancy. 

	Intel
	On the one hand, relaxed CPU occupancy rules will facilitate UE implementation for advanced features (e.g. L=6, N3>19), on the other hand it will make harder to use those features. Some advanced UEs may be able to handle the advanced features with 1 CPU, so Alt3. is added to consider such case if it is allowed to occupy multiple CPUs per CSI report.

	Samsung
	This is related to specific UE implementations. If the UE implantation can’t support these advanced (sub-)features, i.e., L=6, R=2, N3>19, then it will not report these in its capability signaling, since they are optional anyway.

	Huawei/HiSilicon
	We agree with Nokia’s comments that UE can ensure the computation complexity under any scenarios to fit its actual capability envelope by scaling the reported codebookParameters. Therefore the CPU occupation rule in Rel-15 can be reused.

	Motorola/Lenovo
	Unclear to us the need for specifying multiple CPUs for certain features. The capabilities specified in codebookParameters along with the Rel.-15 CPU occupation should suffice.

	Spreadtrum
	Considering the CSI calculation complexity, it’s reasonable to occupy two CPUs at least for some scenarios based on codebook configuration.



Based on the above discussion, the following proposal can be made:

	Conclusion: There is no consensus on specifying the scenario(s) in which the UE uses two (or multiple) CPUs for Rel.16 Type II CSI
· Whether and/or how to use two CPUs is left to UE implementation



e) Specifying “no CQI recalculation when UCI omission occurs”
The following was agreed in RAN1 #98:
	Agreement:
The selected UCI omission scheme should meet the following criteria when CSI omission occurs:
1. CSI calculation is identical to that for without omission – otherwise the UE may end up recalculating the CSI if UCI omission occurs. 
0. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
1. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signaling.  
1. The resulting UCI payload after omission should not be ambiguous (payload ambiguity would require the gNB to perform blind decoding of UCI Part 2).
1. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 



During the email discussion on the draft CR for TS38.214-MU-CSI, it was pointed out that criteria 1 (when UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission) is not captured in the spec. The editor suggested to discuss further in Reno on the usefulness of such text.
Companies’ views are summarized as the following table.

Table 2 The use of two CPUs for Rel.16 Type II CSI: companies’ view
	Category
	No. companies
	Companies 

	Alt1. Capture the text of no CQI recalculation when UCI omission occurs
	5
	Intel, MotM/Lenovo, Qualcomm, Spreadtrum

	Alt2. Not capture the text of no CQI recalculation when UCI omission occurs
	7
	CATT, Fraunhofer/HHI, LGE, NTT Docomo, Samsung, ZTE



More detailed comments from companies are given below.
	Qualcomm
	We think it is useful to capture the text as it improves the completeness of the spec from following aspects:
0. If it is not captured, it would implicit mean that the reported CQI will be always conditioned on the PMI even after omission, which violates the agreement. We note that such text is not captured in Rel-15, but it is clear in Rel-15 as the subband CSI is either reported or completely omitted, so the reported CQI is always conditioned on the reported PMI regardless of omission. However, in Rel-16, since the omission of coefficients would impact the PMI on every subband, it is needed to specify whether the associated CQI is required to be conditioned on the PMI after omission.
0. Criteria 2, 3 and 4 have been captured naturally by the omission scheme itself. Only the first criteria is missing. Note: criteria 2 is captured by comparing the UCI payload with target coding rate; criteria 3 is captured by the fact that the pay load of G1 and G2 are known given UCI part 1, so there is no ambiguity; criteria 4 is captured by the priority function.

	ZTE
	We think the specification is clear without any new text. This is just UCI omission, and UE just omits the generated UCI bits according to the current specification. There is no requirement in the specification to let UE recalculate the reserved CSI bits. Hence whether to recalculate CQI totally depends on UE, but without doubt a reasonable UE implementation will not do this recalculation. This is just same as configuring sub-band Type II PMI and WB CQI. There is no such text for this Rel-15 case as well.

	CATT
	This is just the criteria to select UCI omission scheme, not for UE behaviour. In the spec, it should be left to UE implementation.

	LGE
	Support Alt2

	Intel
	In our understanding UE is not required to recalculate CQI. If this is the common view in RAN1 it is better to capture it in spec for clarity. 

	Fraunhofer/HHI
	The agreement was made to come up with some design guidelines for the selection of the R16 UCI omission procedure. The agreement was not about UE behaviour. Therefore, it is not clear why this issue needs to be captured in the specification text. 

	Samsung
	Same view as others, we don’t need to specify this since it is not a UE behaviour.

	MotM/Lenovo
	Without the additional text, the UE behaviour with Rel.-16 Type II CSI seems to be either undefined, unclear or, as QC stated, would default to the reported CQI being conditioned on the reported PMI with omission.

	Spreadtrum
	In our views, based on the details of UCI omission procedure, CQI recalculation is not forbidden. We support to capture the text in case there’s a different understanding.



From FL perspective, “no CQI recalculation when UCI omission occurs” is used as a design criterion for UCI omission. That is, from design point of view, a UCI omission scheme should not necessitate CQI recalculation (hence 2x calculation) to ensure good CQI accuracy when omission is deemed necessary. This, however, is not normative since the spec does not dictate how CQI is calculated. By the same token, the spec should not prohibit CQI recalculation by the UE if the UE wishes to do so (although it is not needed, at the expense of power consumption and latency, hence penalizing itself and rendering such algorithm design inefficient). Therefore, including such restriction in the spec does not follow the usual practice in spec writing. 

Based on the above discussion, the following proposal can be made:

	Conclusion: There is no consensus on the need for capturing “no CQI recalculation when UCI omission occurs” in the specification




[bookmark: _Ref24755444]UE capability related issues 
UE capability discussion is being conducted in a different session. The following UE capability related issues have been brought up. In RAN1#99, we will attempt to progress on these issues although it is likely that they may have to be finalized in the UE capability session.  

a) Number of PMI subbands
The following was agreed offline [3]:
	Offline agreement: On UE capability related to the number PMI subbands, in RAN1#99, down select between these two alternatives:
· Alt2. Mandatory for N3<=19, optional for N3>19
· Alt3. Mandatory for R=1, optional for R=2



Companies’ views are summarized in the following table. 

[bookmark: _Ref21380680]Table 3 UE capability # PMI subbands: summary of companies’ views
	Category
	No. companies
	Companies 

	Alt2. Mandatory for N3<=19, optional for N3>19
	10
	Ericsson, IDC, Huawei/HiSi, LGE, MotM/Lenovo (2nd preference), Nokia/NSB, ZTE

	Alt3. Mandatory for R=1, optional for R=2
	11
	Apple, Fraunhofer/HHI, MotM/Lenovo, NTT Docomo OPPO, Qualcomm, Samsung, Spreadtrum, vivo



The main arguments for Alt2 are: 1) better differentiation in UE computational complexity (FL comment: this is true only in terms of # operations per second although the # operations scales linearly with N3 and the threshold of N3=19 can be perceived as arbitrary since it is originated from the maximum # PMI subbands for R=1), 2) better alignment with the condition for FD basis selection indication, 3) R=2 can outperform R=1 even with lower overhead (in the N3<19 regime). 
The main arguments for Alt3 are: 1) better differentiation in UE algorithm design for calculation (primarily due to the different subband size for PMI and CQI) and other features such as the handling of edge CQI subbands (FL comment: this is true since R=2 seems to require starkly different computational strategy from R=1), 2) Allegedly the gain of R=2 is notable only for larger BW while in general resulting in more overhead for Nsb<10.  
Given that the number of companies supporting Alt2 and Alt3 are almost equal, the following remarks can be made from FL perspective:
1. UE complexity: The claim that Alt2 offers better differentiation in UE computational complexity is true only in terms of # operations/sec. But it should be kept in mind that # operations/sec tends to scale linearly with N3. Therefore, the threshold N3=19 can be perceived as arbitrary (note: N3=19 originates from the maximum # PMI subbands for R=1 during the discussion of N3’). On the other hand, the claim that Alt3 offers better differentiation in UE algorithm design can be substantiated in most, if not all, PMI/CQI calculation schemes (i.e. there is some algorithmic “discontinuity” from R=1 to R=2). 
2. System performance: The support for R=2 offers improved performance for larger BW which will become more prevalent. In addition, it is pointed out that R=2 can offer better performance with lower payload. This observation however does not substantiate the support for Alt2. In fact, it can be argued that R=2 offers “premium” performance for high-end UEs (more computational power, supporting higher BW, hence suggesting that R=2 should be made a separate capability).
3. The group is reminded of a previous agreement on the support for R=2, which seems to suggest Alt3 (no mention of N3 in this agreement): 
“The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint”
4. Lastly, Alt3 is a subset of Alt2 in terms of what constitutes a mandatory feature, i.e. when R=1, N3 is always <=19, but when R=2, N3 can be <=19 or >19. Therefore, the following common point should be agreeable to Alt2 and Alt3 supporters: 1) mandatory support for R=1, 2) optional support for N3>19. 

Based on the above discussion, the following proposal can be made:

	Proposal: On the # of PMI subbands: 
· Agree on the following:
· Mandatory support for R=1
· Optional support for N3>19
· In RAN1#99, decide whether (R=2 and N3<=19) is mandatory or optional 



While companies have indicated support for the above FL proposal, some additional comments were made regarding (R=2 and N3<=19) as follows:
	Qualcomm
	In our view, apart from differentiation in UE algorithm and system performance, another concern (which we think is more critical) on R=2 lies in the risk of commercial success. If the NW and UE do not synchronize on the progress of implementing R=2 (e.g., in the initial roll out of Rel-16, gNB has R=1 while UE has R=2), then we will have to either 1) deferring the entire Rel-16 Type II until both gNB and UE are ready for interoperability testing, or 2) doing interoperability testing for R=1 only. The first choice will delay the entire commercial deployment. The second choice may make R=2 problematic as vendors ship UEs/gNBs with untested R=2 feature to the market, and the configuration of R=2 may never be used.

	ZTE
	We prefer to make N3<=19 and R=2 mandatory as well. We don’t think having R=2 in the early version of Rel-16 will bring “risk of commercial success”. This is just the same as other mandatory configurations. Clearly NW vendors are interested in using R=2. If RAN4 defines the test details, interested NW vendors will perform IODT test with UE vendors. 
Besides the argument of performance and complexity, the “delta” part of implementing R=2 and N3<=19 compared with Rel-15 and R=1 is actually rare. 
· It requires no extra hardware as we discussed before.
· UCI generation and mapping of R=2 and N3<=19 is same as R=1, e.g., only one step FD indicator is used.
· Deriving one CQI from two precoders is same as being configured with WB CQI and sub-band PMI in Rel-15, e.g., CSI setting configured as two sub-bands in the CSI reporting band with sub-band PMI and WB CQI format.
Considering the above, to implement R=2 and N3<=19, UE can reuse all the components from Rel-15 and Rel-16 R=1. In this case, it does not require to implement a totally different approach compared with R=1.




b) Rank 3-4 Rel.16 Type II
In RAN1#98bis, the mandatory support for maximum rank of 1 and 2 was agreed with the support for maximum rank 3 and 4 as FFS [2]. On this issue, companies’ views are summarized in the following table.    
Table 4 UE capability rank 3-4: summary of companies’ views
	Category
	No. companies
	Companies 

	Alt1. Maximum rank of 3 and 4 are optional
	16
	Apple, CATT, Ericsson, Fraunhofer/HHI, Intel, LGE, MotM/Lenovo, Nokia/NSB, OPPO, Qualcomm, Samsung, Spreadtrum, vivo

	Alt2. Maximum rank of 3 and 4 are mandatory
	5
	Huawei/HiSi (with some conditions), Intel, NTT Docomo, ZTE (at least for 1 CC)



The main argument for Alt2 is that 4-layer PDSCH transmission is mandatory for bands where 4 RX antennas are mandatory for single CC operation. In addition, the overhead for rank-3/4 is comparable to rank-2. It was also pointed out that there is no rank-specific UE capability for Rel.15 NR codebooks.
The main argument for Alt1 is that the main use case of Type II codebook is for MU-MIMO for which rank > 2 CSI is rarely needed. Considering the associated UE complexity and performance-overhead trade-off, the support for rank-3 and/or 4 is intended for high-end UEs.
Based on the above discussion and the super-majority view, the following proposal can be made:

	Proposal: For Rel.16 Type II codebook/CSI, 
· The support for maximum rank of 3 is optional
· The support for maximum rank of 4 is optional



c) Concurrent codebooks
The following was agreed offline [3]:   
	Offline agreement: On UE capability for concurrent codebook configuration, in RAN1#99, further discuss and identify alternatives (including not having such UE capability) for down selection in UE feature session



The proposals from different companies can be summarized below
Table 5 UE capability concurrent CBs: summary of companies’ views
	Category
	No. companies
	Companies 

	Supported (explicit UE report)
	11
	CATT, Ericsson, Intel, MotM/Lenovo, Nokia/NSB, NTT Docomo, OPPO, Qualcomm, Spreadtrum 

	Supported (implicit, e.g. w/o any additional UE cap reporting)
	2
	Huawei/HiSi

	Do not support
	3
	LGE, Samsung, ZTE



The main argument for supporting concurrent CB configuration is that different Reporting settings (linked to Resource settings) for a given UE can be associated with different codebooks. This is especially true for, e.g. CA.  
More detailed comments from companies are given below.
	Apple
	We are open for further discussion, but our preference, in general, is NOT to support concurrent CBs unless there is strong justification that concurrent reporting is required. We also prefer to have some clarification on the definition of concurrent multiple codebook types
1. Is it in the same CC or it is across different CC?
2. Is it just the configuration of the codebook Types, but the triggering of the different codebook Type reporting is TDM’d
3. Or it requires UE to make simultaneous measurement and, potentially, simultaneous report of multiple CSI with different codebook Types  

	Ericsson
	Re Apple’s questions. In the current codebook capabilities. The number of ports and resources a UE supports for codebook calculation is always counted across all CCs simultaneously. Where simultaneously here means simultaneously active CSI-RS ports: “For aperiodic CSI-RS, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource is referred by N CSI reporting settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.”

This means that a UE configured with on aperiodic Type I report setting with P CSI-RS in CC X and another periodic Type II CSI Report Setting in CC Y is counted as a concurrent Type I + Type B calculation. In our view, this scenario will be very common, both for the same CC case (X=Y, the gNB chooses to trigger either Type I or Type II CSI depending on e.g. NW load) or the different CC case (X!=Y, e.g. typical CA setup with many CCs). So in our view concurrent Type I and Type II CSI calculation according to the definition will be standard mode of operation and should be well supported.

	Qualcomm
	The motivation of specifying the concurrent codebook are two-fold: 1) specify the actual capability for concurrent codebooks (especially for CA case), 2) to encourage UE to report its actual capability of Type I or Type II for TDMed case. In our view, the second motivation is more important. Without specification for the concurrent codebooks, the UE has to always target on the worst case (e.g., multiple codebooks are processed concurrently) and report very conservative values in FG2-36/40/41/43, thus limiting the CSI processing capability for TDMed case.
If companies think concurrent codebook is rarely used, another alternative would be “In Rel-16, UE does not expect to be configured or scheduled with concurrent codebooks”. This alternative allows UE to report max capability for each codebook. However, as FG 2-36/40/41/43 is applied w.r.t. active ports and resources, this alternative is too restricted because if there is one report based on P CSI-RS, then it is not allowed to trigger any other CSI even in TDM manner. So, the current Alt1 and Alt2 provide better flexibility – Alt1 signals additional capabilities for concurrent codebooks explicitly; Alt2 defines rule for concurrent codebooks using the capability reported in FG 2-36/40/41/43.
Re Apple:
1. The solution shall be applied across all CCs. 
2. It is not about the configuration, it is about the active resources and ports – analogous to FG2-33/36/40/41/43

	Nokia/NSB
	In our view concurrent (i.e., simultaneous) configurations of different codebook types needs to be handled appropriately by the codebookParameters capabilites in Rel-16 to avoid underreporting of UE capabilities and to allow flexibility to the NW to configure as many CSI reports of different type in such scenarios as mentioned by Ericsson.
Another related underreporting issue for the same feature groups was discussed in a separate email discussion ([98b-NR-26]), where the cause of the underreporting is simultaneous CSI report configurations (for a single codebook type) in inter-band CA and the recommended solution there was to introduce both per-band and per-BC signalling for the codebookParameters capabilities (i.e., feature groups 2-36/2-40/2-41/2-43). We may need a similar solution to support concurrent codebook configurations

	ZTE
	We generally agree with Apple. We should have clear and common understanding on issues like definition of concurrent codebook, the possible combinations, whether this is for multi-CC operation or single CC, etc.., before we go deeper to the detailed signaling design. 
In our understanding, this discussion should be focused on CA operation in general. In one CC, we don’t think the issue is significant since there is only one CSI-RS resource for Type II or Type II PS, respectively.
On the definition of concurrent codebook, it’s not clear to us the scenario we want to discuss is simultaneous triggering, simultaneous configuration or ‘simultaneous’ referring to active ports/resources definition per the definition of these FGs. 
On possible combinations, we don’t think we should preclude Type II + Type II since for multi-CC operation, it’s very clear we need to configure different Type II settings for different CCs.
We suggest to discuss the above issues first to align our understanding on the target issue and the scope of this discussion. Before that, we are not sure how to identify or decide possible solutions.

	CATT
	In our view, concurrent codebook configuration is reasonable (e.g. Type I+Type II configuration for different CCs). In this case, the underreporting issue needs to be handled. Due to the insufficiency of Rel-15 UE capacities, we support to use additional UE capacity reporting as a solution.

	Intel
	We support UE capability for concurrent codebook. 
Our proposal which is listed in point f in this summary (the proposal is copied below) is actually needed to optimize the UE capabilities for the case of concurrent codebook usage.
“Additional UE capability in R16: Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports across all CCs within a band simultaneously across all the supported codebook types”

	Samsung
	In our view, there is no need for concurrent codebook reporting for a single CC. Based on the inputs from different companies, this seems to be the view. So, we can conclude that we don’t need such reporting for a single CC case. Now, for multiple CCs, the solution mentioned by Nokia (i.e., discussion in [98b-NR-26]) can be sufficient. We don’t need to duplicate the same discussion here.

	MotM/Lenovo
	Our understanding is that concurrent codebook configurations such as Type I (SU)+ Type II (MU) are a likely scenario and thus the underreporting issue should be addressed. In addition the current codebook UE capabilities are not sufficient in that they rely on underreporting to deal with the concurrent reporting.



Given the super-majority support for this capability, the following proposal can be made:

	Proposal: In Rel.16, support UE capability to be concurrently configured with multiple codebooks via explicit UE capability signaling
· Details are to be decided in UE capability session



d) L=6
In [17][7], Apple and vivo propose that the support for L=6 be optional. Recalling the previous agreement that the parameter combinations where L=6 is applicable are optional, this proposal is in line with the previous agreement. Since the proposal to support for L=6 was controversial at that time, adding that L=6 is “UE optional” can only be contextually interpreted as requiring an additional UE capability on top of the Rel.16 Type II codebook/CSI. That is, just as the support of L=2 and 4 is mandatory, so (in contrast) the support for L=6 (along with the associated parameter combinations) is optional. The supported parameter combinations are reproduced below for reference purposes:

	Parameter combination
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	1
	2
	¼ 
	1/8
	¼ 
	

	2
	2
	¼ 
	1/8
	½ 
	

	3
	4
	¼ 
	1/8
	¼ 
	

	4
	4
	¼ 
	1/8
	½ 
	

	5
	4
	¼ 
	¼ 
	¾ 
	

	6
	4
	½ 
	¼ 
	½
	

	7
	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports

	8
	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports



This leads to the following proposal:
	Proposal: For Rel.16 Type II codebook/CSI, the support for parameter combinations 1, 2, 3, 4, 5, and 6 is mandatory, while the support for parameter combinations 7 and 8 is optional.
· Note: mandatory support for L=2,4 was agreed in RAN1#98bis 



The following companies have indicated their support for the FL proposal - some adding further that the above proposal has already been agreed and merely serves as a repetitive clarification: Apple, CATT, Ericsson, Intel Nokia/NSB, Qualcomm, Samsung, ZTE.

e) CSI-RS resource/port occupation for R=2
In [19], Qualcomm proposes that the following two alternatives be considered: 
· Alt A: When R=2, the number of active resources and the number of active ports within the resources should be counted twice in both CSI-RS account and codebook capability accounting
· Alt B: In UE capability signalling, include whether supporting R=2 in each SupportedCSI-RS-Resource, i.e., SupportedCSI-RS-Resource contains {max number of ports per resource, max number of resources, max number of total ports, max number of PMIs per subband CQI}.

Companies’ views are summarized in the following table. 

Table 6 CSI-RS resource/port occupation for R=2: companies’ view
	Category
	No. companies
	Companies 

	Alt A. Double counting 
	1
	Qualcomm 

	Alt B. Inferred from UE capability “SupportedCSI-RS-Resource”
	7
	Ericsson, Huawei/HiSi, Nokia/NSB, Qualcomm, ZTE 

	AltC. Do not support
	1
	Samsung



More detailed comments from companies are given below.
	Apple
	We support the proposal Alt A. For Alt B, I guess we first need to agree on whether R=2 is optional, or only conditionally optional (conditioned on N3>19). Then we can discuss whether it requires further categorization, i.e. UE can support R=2 with certain triplet configuration for CSI-RS resource processing capability per codebook Type per band

	Ericsson
	Baseline should be Alt B

	Qualcomm
	We are fine with either way. For AltB, we understand it may depend on the discussion of # of PMI subbands. If it is just N3>19 is optional, then AltB can be updated as reporting whether supporting N3 > 19 together with {max # ports/re, max # resource, max # total ports}.

	ZTE
	We support Alt B and have concern on Alt A. To us, the motivation of Alt A is not clear if we define the UE capability in a more considerate way like Alt B. For Alt B, it should depend on decision of the # of PMI sub-band capability discussion. So we suggest the following wording for now.

Proposal: Include UE capability # of PMI sub-bands in each SupportedCSI-RS-Resource, i.e., SupportedCSI-RS-Resource contains {max number of ports per resource, max number of resources, max number of total ports, max number of PMI sub-bands}
· Note: max number of PMI sub-bands can be max N3 or max R, depending on the decision on UE capability # of PMI sub-bands

	Intel
	In our view this issue and the issue on the number of CPUs occupied by report with R=2 should be discussed together

	Samsung
	Since R=2 is an optional feature (at least in our view), and the UE will report its capability the value of R separately, it is not clear to us why we have to include it in SupportedCSI-RS-Resource also. This is duplicate reporting of R value, unless the proposal is to report R=1 or 2 via SupportedCSI-RS-Resource.



From FL perspective, this issue can be better decided after the issue of R=2 (whether R=2 and N3<=19 is mandatory or optional) is finalized (cf. section 2.2 item a)) since the outcome might be dependent on whether R=2 is optional in its entirety or not.
Based on the above discussion, the following proposal can be made:

	Proposal: On CSI-RS resource/port occupation or R=2, discuss and decide in RAN1#99 after the issue whether (R=2 and N3<=19) is mandatory or optional is resolved.




f) Other proposals
Some other UE-capability-related proposals were made and summarized in the following table. Time permitting, these proposals can also be discussed as long as they are within the context of Rel.16 Type II codebook/CSI.

Table 7 Other proposals for UE capability for Rel.16 Type II codebook
	Issue
	Companies
	Description of proposal

	R15 UE capabilities + additional additional capabilities
	CATT, Intel, Qualcomm

Huawei/HiSi (only 1st bullet)
	· Support extension of Rel. 15 UE capabilities for new codebook type(s) introduced in Rel. 16
· Additional UE capability in R16: Support UE capability signaling parameter which indicates the list of supported combinations of the maximum number of CSI-RS ports, the maximum number of resources, the total number of Tx ports across all CCs within a band simultaneously across all the supported codebook types

	Max number of A-CSI reporting settings
	Ericsson, ZTE
	Increase the maximum number of configured aperiodic CSI Report Settings a UE can report to 8



Based on the above discussion, the following proposal can be made:

	Proposal: In RAN1#99, discuss and decide on the issues below for Rel.16 Type II codebook/CSI:
· Extension of Rel.15 UE capabilities
· Increasing maximum number of A-CSI reporting settings to 8




Miscellaneous
Miscellaneous (other) proposals were also mentioned in companies’ contributions. Since this meeting will focus on the issues listed in section 1 (given that there is only one meeting left) and the proposals mainly comprise additional minor optimizations of the previously agreed design aspects, a summary of such miscellaneous issues is not included in this FL summary. 
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