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[bookmark: _Ref5850594]Introduction
Starting from the agreements on Table 2 of R1-1905629 [1], the following parameters can be removed for the following reason:
· RI: discussed jointly with # NZC indicator 
· N3’: discussed jointly with FD basis selection indicator 
· Indication of zero pol reference amplitude values: n/a since there is no “zero” in reference amplitude alphabet
· Indication of non-zero coefficient polarization: discussed jointly with bitmap design for RI=3-4
· Indication of polarization with SCI: discussed jointly with bitmap design for RI=3-4
· FD oversampling (rotation) Q3: WA assumption is reverted, no need
· Indication of intermediate FD basis set: discussed jointly with FD basis selection indicator 
· (N1’ N2’): no longer applicable since SD basis selection with -bit indicator has been agreed
· The size of bitmap(s) Nb: discussed jointly with bitmap design for RI=3-4
 
On the blue highlighted items, note that this is only applicable for RI=3-4 since we have agreed that the size of the bitmap for RI=1-2 is 2LM per layer. This leaves us with the following two candidate parameters in Table 2 of R1-1905629: 
· M’ (UCI part 1), and
· Basis sufficiency indicator (BSI, UCI part 1).

[bookmark: _Ref529369566]Summary 
The views from different companies along with their detailed arguments can be summarized below.
Table 1 Two remaining candidate UCI parameters from Table 2 of R1-1905629: summary of companies’ views
	Parameter
	Location 
	Details/description
	Companies’ views

	M’
	UCI part 1
	Whether to report M’ ≤ M, e.g. # bits, values
	Support (6): vivo, Ericsson (but without additional overhead by jointly encoding with, e.g. NNZC indicator), Fraunhofer IIS/HHI, NTT Docomo, LGE

Against (6): Nokia/NSB, ZTE, Huawei/HiSi, Qualcomm

	“Basis sufficiency” indication (BSI)
	UCI part 1
	Whether to support this indication. Functionalities: 
· Indicating the sufficiency of the configured p and/or β values;
· FFS: indicating UCI part 2 is absence or partially absence or fully present. 
Currently there are two alternatives:
Alt1: implicit indication via # NZC=0 or # NZC>0;
Alt2: 1-bit explicit indication
	Support (5): Fraunhofer IIS/HHI, Qualcomm, NTT Docomo, LGE

Against (6): CATT, Samsung, Nokia/NSB, MotM/Lenovo



Table 2 Two remaining candidate UCI parameters from Table 2 of R1-1905629: arguments
	Company
	Reasoning

	 Fraunhofer IIS/HHI    
	 Support of basis sufficiency indication and implicit indication via #NZC>0
(detailed proposal: fallback to Type-I CSI via signaling of #NZC=2
 bitmap(s) are not reported, FD basis subset selection indicator(s) are not reported, the SD basis subset selection indicator indicates a single beam, the two NZCs are associated with the two polarization's of the same beam)

	 CATT
	Do not support ‘basis sufficiency indication’. This indication is not necessary, as gNB can infer whether the configured parameters are sufficient or not based on UE reporting. For example, if UE always reports 2K0 non-zero coefficients, this is a good sign of insufficient configuration. 


	vivo
	UCI part carries bitmap of NZC, strongest coefficient indicator (SCI), SD basis subset selection indicator, FD basis subset selection indicator, LC coefficients: phase and amplitude, and SD oversampling. The large part of payload is determined by the non-zero LC coefficients and the bitmap of NZC. There is big payload discrepancy between rank 1 and rank>1, the payload of LC coefficients can be controlled by reported NNZC however the bitmap of NZC could still be large. In the case of scheduled PUSCH resource cannot carry the CSI payload with certain coding rate, similar to CSI omission in Rel-15, a mechanism is needed to scale to the payload. Reporting of M’ where M’ ≤ M can reduce the bitmap size, and only one value of M’ is supported, e.g. 1 bit which indicates either M’ = M or M’ = M/2. Whether it is per specific or layer common to be discussed later depending on outcome of (L, p) setting for RI=3-4.

	 Samsung
	Re basis sufficiency indicator, we have similar view as CATT, that there is no need for any such indication, since this can be handled by gNB implementation. In general, we prefer to have simple UCI design with min # UCI parameters. Unless it is deemed necessary (e.g. to ensure good performance, reduce UE complexity, large overhead saving with high probability etc…), we don’t think we should introduce new UCI parameters, especially to address some corner cases such as this.

Re M’, we understand the proposal, we are studying its need, and will provide our inputs later.

	Nokia/NSB
	Regarding M’, this indicator is not necessary because simple CSI omission rules that achieve the same goal can be introduced without the need of explicit signaling, similarly to Rel-15.
Regarding “basis sufficiency indicator”, this is not needed either, as the gNB can already decide if a parameter configuration is “sufficient” from the NNZC indicator

	ZTE
	gNB knows the max payload, but the issue here is whether UE will follow what gNB wants to report M', as Min also commented. UE can do rate matching if the actual payload is lower to the max payload. So UE can chooses to report M' smaller than the configured M, even if gNB has allocated sufficient PUSCH resource, which does not require UE to perform CSI omission. This goes against what gNB actually wants, and may bring negative impact to the network performance. This actually breaks down the intention of supporting CSI omission. In Rel-15, we defined a clear condition to trigger CSI omission. gNB can have a clear understanding and good control of UE behavior. 

	Huawei/HiSi
	What I am wondering is whether the UE really knows what the gNB really wants, in terms of the trade-off between performance and overhead. The gNB may just wish that the UE use all payload as much as possible, according to real channel condition for SU-MIMO or any other purpose. Therefore it is unclear for me that how the UE will determine the best value of M’ for FD compression, which in general shall be determined by the gNB

	Ericsson
	We do see the benefits for UCI Part 2 size reduction if the indication of unused FD-basis vectors can “be dropped” similar to omitting the zero coefficients. I.e. if the UE only indicates a small number of non-zero coefficients such that the bitmap for some columns / FD-basis vectors are all zeros, it makes sense to have a mechanism to drop reporting of that column. However, I think if this is supported it should be decoupled from the UCI omission procedure (if we agree to introduce UCI omission for Rel-16 codebook) which should be kept as simple and straightforward as possible. I also think that it is not motivated to introduce additional overhead in UCI Part 1 for indication of “FD-basis reduction” / M’. Do recall that the intention with UCI Part 1 is that the payload size should be relatively small and that it should be reliably encoded with a low code rate. I.e. a bit in UCI Part 1 is more costly in terms of RE overhead than a corresponding bit in UCI Part 2. These aspects also need to be taken into account.
 
Perhaps a compromise solution could be to see if M’ indication could be introduced without incurring additional overhead in UCI Part 1? It occurs to us that if e.g. joint NNZC coefficient indication is adopted, the required value range is {1, 2, …, 2K0} which requires a size bitfield. Now e.g. if this results in a 7-bit bitfield with 128 codepoints, but only 84 codepoints are utilized. It could therefore be possible to jointly encode NNZC and M’ into a single field without increasing the UCI overhead. E.g. codepoints  could indicate  ={1, 2, …, 2K0} and M’=M while the remaining codepoints   could indicate M’=M/2 for a subset of the possible {1, 2, …, 2K0} values.

	CATT
	On BSI: in the given example, gNB is still able to obtain information regarding ‘inefficiency’ based on UE reported NZC. In the example, if all the FD basis are strong enough, it is an indicator that the FD basis configuration may not be sufficient. The strength of an FD basis is measured by the power over the FD basis. With a sufficient number of M, UE should be able to select all remarkable FD basis but not just those strong ones. So if all selected FD basis are strong, gNB can configure a larger M for the following CSI reporting.

	Qualcomm
	
Re M’:
· In our view, M’ works similar to NNZC. However, the benefit of overhead reduction by this parameter is questionable as it is a corner case that half of the FD bases have no NZCs. 
· According to vivo’s comment, we also see another motivation of M’ is to optimize between NNZC and M’ under the same payload. We think the performance needs further study as intuitively it seems reducing M to M’ may not always bring a larger NNZC. Moreover, we need to point out that the optimization adds on UE implementation complexity and the optimized solution is yet to known.
· We don’t think M’ is related to CSI omission. The scenario of CSI omission is that the UE simply drops some part of the CSI to fit in the UL resource, because there is no time for UE to do any CSI recalculation (i.e., changing some UCI parameters) before the PUSCH transmission. To facilitate CSI omission, priority rule can be studied without adding new UCI parameters. Another concern is that the gNB should be aware of CSI omission so that it may allocate more resource for the next CSI report. However, with M’, the gNB may not know whether it is due to insufficient UL resource or short PDP.

Re BSI:
· To all, in principle, the elaborated example is due to the narrow band interference. The UE needs to do interference whitening before the PMI calculation, and the subband-specific interference decorrelates the frequency correlation and introduce diverse PDP across SD bases. Such a narrow band interference is short-term, we are not sure how the gNB can be aware of this short-term statistic via implementation. 
· The UE may report a low CQI and such a low CQI may be even worse than type I CSI. However, the gNB may not know the low CQI is due to bad channel condition or insufficient configuration of FD basis. Thus, it is necessary for the gNB be aware of the observation at UE side via this new UCI parameter
· Re CATT, SS and Nokia/NSB: As we explained, with narrow-band interference, the PDP could be diverse across SD bases. It still leads to a sparse  matrix, and the energy also varies across FD bases. So, we believe there are many cases which cannot be addressed by NNZC and energy of FD bases.
· Re MotM/Lenovo: If the concern is high variability in UE CSI performance, we may define UE behaviour clearly in the spec, e.g., still reporting full CSI, or only reporting the wideband and wait for next CSI report trigger. As we pointed out, the key point of BSI is to indicate the sufficiency of the configuration.

	MotM/Lenovo
	I think just defining an insufficiency indicator that the UE can doesn’t go far enough to define the UE behavior. While there are some channel/interference conditions that could be identified where Rel.-16 Type II would surely lead to a poor PMI indication, there are also many cases that would be in a grey area that UE vendors could interpret differently in terms of whether the insufficiency indicator should be set.  This could cause high variability in UE CSI performance, for example if some UE implementations just gives up on mildly poor channel/interference environments and set the indicator while others report Rel. 16 Type II CSI even if the fit is not that good and still others use different processing to try to address the channel conditions (e.g. run a second pass without using a whitening filter which would degrade precoding performance but may still be better than Type I).

	NTT Docomo
	Regarding M’ and BSI, as an operator, we do see gains with reporting them. In fact, if we look at the underlying reason why these needs to be reported, as per our understanding they both pointing to the same source. That is, the gNB is configuring the FD basis size, M without having any clue about the propagation channel of the user. The gNB may over or under predict what is going to be the propagation channel. However, once UE learns about the channel, there needs to be some flexibility for the UE to at least partially correct the issue (if there is any). If the assigned M by the gNB is large, UE can report M’ and achieve some overhead reduction gains. On the other hand, if assigned M is not sufficient, UE should be able to report this to the gNB so that the gNB can take necessary actions to compensate for the issue. We believe this can have positive impact on the achievable performance since discarding some essential frequency dimensions carrying considerable energy is not appropriate.

	LGE
	Re M’, we agree that the large amount of payload (especially for the bitmap size) can be saved by adopting M’ in UCI Part 1. On the other hand, introducing M’ also increases the payload of Part 1 CSI which may be more precious than that of Part 2 CSI. Thus, as Ericsson suggested, joint indication of NNZC and M’ can be a reasonable solution.
Re BSI, we think this ‘sufficiency’ indication can also be used for CSI omission. In Rel-15, part of CSI corresponding to odd SB is omitted as a first priority when the scheduled PUSCH resource is not enough. However, in current Rel-16 Type II CSI framework, there may be some ambiguity to define SB PMI order. Thus, in our view, it is worth considering such implicit/explicit indicator for the extension of CSI omission. In addition, further study on the UE behavior when BSI is “on” is needed.

	MediaTek
	[bookmark: _GoBack]A general comment: now a key discussion point is the tradeoff between the overhead for bitmaps and non-zero coefficients. Actually if the same bitmap for coefficient selection could be used for spatial layers, the tradeoff might be more rewarding. Given agreements from previous meetings (layer specific subset selection and quantization levels), unfortunately such a design is precluded. We should approach the remaining design choices carefully, we are open to studying M’ and BSI further with more technical inputs.    



On reporting M’, several main concerns from the companies against the proposal can be summarized as follows:
1. The additional overhead in UCI part 1: The response from the proponents was two-fold. First, it was argued (e.g. by vivo) that the additional overhead in UCI part 1 is outweighed by the overhead reduction in UCI part 2. It should be kept in mind, however, that UCI part 1 requires lower coding rate since it is used to determine the payload of part 2 and includes higher priority UCI parameters. Second, it was argued (e.g. by Ericsson, Qualcomm, Fraunhofer IIS/HHI) that the hypotheses for M’ could be jointly encoded with other UCI parameters such as the number of NZ coefficients indicator (NNZCI). While this proposal could partially address the concern, it should be kept in mind that the number of NZ coefficients is not restricted to a certain set of values. Therefore, being able to utilized the unused code points from NNZCI could be opportunistic at best.
2. Allowing the UE to determine its own M’ in place of the configured M: This concern is primarily on the performance impact since it is highly dependent on UE implementation. For example, it is mentioned by ZTE that if the UE deliberately selects a small value of M’ to reduce UCI payload with less regard on performance, it could impact the network performance. While the extent of performance impact is debatable, note that there has been no simulation result showing one way or another.

In regard of the benefit of M’, vivo has shared some simulation results as shown below. Vivo has argued that the opposing companies were not sufficiently responsive to the results.
	We evaluated following cases for L=2 and 4, max rank 4 with same overhead. From the curves below it can be seen that, especially for L=4, (M=4, 2K0∈ {32, 48}) setup has more than 5% gain compared to (M=7, 2K0 ∈{18, 34} ) setup with same total overhead. For L=2, the gain is smaller. 
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Based on the above discussion the following offline observation and agreements are made. 

Offline observation: On the candidate UCI parameters listed in Table 2 of R1-1905629:
· ​Indication of zero pol reference amplitude values: not applicable since there is no “zero” in reference amplitude alphabet
· ​​FD oversampling (rotation) Q3: not applicable since WA assumption on O3=4 is reverted
· (N1’ N2’): no longer applicable since SD basis selection with -bit indicator has been agreed
· There is no consensus on the need for “basis sufficiency indicator” (BSI) and M' reporting
· On the benefit of M’, one company has shared SLS results (UPT v. overhead) and argued that more technical discussion is still needed

Offline conclusion:  On the candidate UCI parameters listed in Table 2 of R1-1905629, the following parameters are not supported as a consequence of the previous agreements in RAN1#96bis: 
· Indication of zero pol reference amplitude values,
· FD oversampling (rotation) Q3,
· (N1’ N2’)

Offline agreement:  On the candidate UCI parameters listed in Table 2 of R1-1905629, whether to support or not support the following parameters is to be decided in RAN1#97 (Reno):
· M’,
· Basis sufficiency indicator (BSI)
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