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[bookmark: _GoBack]1	Introduction
Enhancements on MU-MIMO support were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#80 [1] and revised slightly in RAN#81 [2]. The objectives for enhancing MU-MIMO support are as follows [1] [2]:
	[bookmark: _Hlk534650790]The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2


In RAN1 #96bis, the following items were agreed [3]:
	Agreement
Table 1 of R1-1905629 is agreed for the support of UCI parameters for MU-CSI 

Agreement
On RI=3-4 extension:
· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI{1,2} 
· FD basis subset selection: agree on layer-specific subset selection
· Coefficient subset selection: agree on layer-specific subset selection

Agreement
SD basis subset selection is layer-common

Agreement
 On RI=3-4 extension:
· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)

Agreement
Support L=6 for the following combinations of p and beta
· p value equals to 1/4, beta value equals to {1/4, ½, 3/4}
· p value equals to 1/2, beta value equals to 1/4
Above applies only for the case of 32 ports, rank 1 or 2, R=1
Note that the payload size for L=6 should not exceed that of Rel-15 type-2 codebook
The above feature is UE optional
FFS: Further specification support to relax UE processing complexity

Agreement
On “zero” in the reference amplitude value set, “zero” is removed and the associated code point is designated as “reserved”. 
· Note: “Reserved” implies that the associated code point is not used in reference amplitude reporting or, at least in Rel-16, any other purpose(s)

R1-1905741	Feature lead summary for MU-MIMO CSI offline email discussion on N3	Samsung

Agreement
On the value of N3 for (N3=NSB×R)>13:
· For Alt1: 
· Identify alternatives for padding schemes in RAN1#97 (Reno)
· Select one from the alternatives for padding scheme by RAN1#98 (Prague)
· For Alt2: 
· Identify alternatives in RAN1#97 (Reno)
· Select one from the alternatives by RAN1#98 (Prague)


Agreement
On the choice of oversampling factor O3, agree on O3=1
· The rotation factor q3 is therefore not needed
The previous working assumption on O3 is reverted

R1-1905724	Feature lead summary for MU-MIMO CSI Tuesday offline session	Samsung


Agreement
The scheme for indicating the number of NZ coefficients (NZC) will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt1.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}
· Alt1.2: Per-layer # NZC without RI where # NZC = {0, 1, 2, …, K0}
· Alt1.3: RI + differential of # NZC summed across layers 
· Differential means fraction of 2K0 with smaller number of possible values compared to the regular # NZC (in Alt1.1)
· Alt1.4: RI + per-layer differential # NZC 
· Differential means fraction of K0 with smaller number of possible values compared to the regular # NZC (in Alt1.2)

Agreement
For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1: 2LMi bits per layer, i=0, 1, …, (RI-1)
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)
· Alt2.3: LMi bits for the layer in which the weaker polarization is dropped (else 2LMi bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); i=0, 1, …, (RI-1) 

Agreement
For RI=1, strongest coefficient indicator (SCI) is a [image: ]-bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· Alt3.1 (applicable to Alt1.2): Per-layer SCI, where SCIi is a [image: ]–bit indicator (i=0, 1, …, (RI-1))
· Alt3.2 (applicable to Alt1.1): Per-layer SCI, where SCIi is a [image: ]–bit indicator
· Alt3.3: Per-layer SCI, where SCIi is a [image: ]–bit or [image: ] indicator (i=0, 1, …, (RI-1))
· Alt3.4: Per-layer SCI, where SCIi is a [image: ]–bit (i=0, 1, …, (RI-1))

Agreement
SD basis subset selection indicator is a [image: ]-bit indicator.

Agreement
On FD basis subset selection indicator, the design will be chosen from the following alternatives in RAN1#97 (Reno):
· 
Alt5.1: FD basis subset selection indicator is per layer where it is a -bit indicator or [image: ]-bit indicator or size-N3 bitmap, (i=0, 1, …, (RI-1))
· Alt5.2: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and N3’ is either reported in UCI part 1 or fixed in specification or higher-layer configured, and the intermediate set in UCI part 2
· Minitial indicated by [image: ] (or other values) bits indicates starting point of the intermediate FD basis set. The FD basis in this intermediate set is given by mod(Minitial+n,N3), n=0,1,..,N3’-1
· The 2nd step uses either N3’-bit bitmap or [image: ]-bit indicator to indicate the FD basis used for each layer 
· Alt5.3: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) selected from multiple higher-layer configured intermediate sets and the value of N3’ is indicated in UCI part 1 
· The 2nd step uses [image: ]-bit indicator to indicate the FD basis used for each layer 
· Alt5.4: FD basis subset is selected as mod(Mi_initial + n,N3), n=0,1,..,Mi–1
· The subset selection is done per layer
· Alt5.5: The intermediate FD basis subset of size [image: ]is higher layer configured per rank, and [image: ] is not reported in UCI part 1.
· FFS: FD basis subset of size [image: ] per rank
· The UE reports [image: ]-bit bitmap or [image: ]or [image: ] bit indicator to indicate the FD basis used for each layer 
1. Alt5.6: Two-step FD basis subset selection where
5. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is either fixed or higher-layer configured
0. The FD basis in this intermediate set is reported either by N3-bit bitmap or [image: ] bit indicator
5. The 2nd step uses either N3’-bit bitmap or [image: ]-bit indicator to indicate the FD basis used for each layer
1. Alt5.7: Two-step FD basis subset selection where
6. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is indicated in UCI part 1
0. The FD basis in this intermediate set is the union of FD basis for all layers, and is reported by[image: ]bit indicator
6. The 2nd step uses either N3’-bit bitmap or [image: ]-bit indicator to indicate the FD basis used for each layer
1. Alt5.8: 
7. For RI > 2, two-step FD basis subset selection
0. The 1st (intermediate) step uses an intermediate set of size-N3’ (N3’=[image: ]) 
0. Intermediate set is the union of FD basis for all layers, and is reported by size-N3 bitmap
0. The 2nd step uses size-N3’ bitmap to indicate the FD basis used for each layer
7. For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap


Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt0. KNZ,i is unrestricted as long as [image: ]
· Alt1. KNZ,i≤K0 as long as [image: ]


In this contribution, we start from the aforementioned outcome and discuss several open aspects of Rel-16 codebook design. Now, if we focus on the content of the agreements formalized during RAN1 #96b, it is rather straightforward to realize that the different aspects considered therein may have different impacts on the performance/overhead trade-off. In particular, some aspects have a clear impact on the performance, e.g., the NZC selection, whereas others have an almost exclusive impact on the overhead of the UCI, e.g., SCI. For this reason, we start by focusing on the last agreement reported above, given its potential impact on the decisions which could be taken for other aspects of the Rel-16 codebook, and then analyse all other aspects sequentially. In particular, the following aspects will be covered (numbering refers to sections):
2. RI{3,4}:  setting
3. RI{3,4}:  setting
4. UCI design: NNZC indicator
5. UCI design: RI{3,4} bitmap
6. UCI design: SCI for RI 
7. UCI design: FD basis indicator

2 RI :  setting
The agreement reached during RAN1 #96b identified three possible alternatives for setting the parameter  for RI, namely Alt2B, Alt3C and Alt6E, whose description is given in Table 1.
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	Alt6E: RI={3,4} specific, layer specific
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[bookmark: _Ref7804050]Table 1. Alternatives for setting the parameter  for RI
This decision can be taken depending on several qualitative and quantitative considerations. From our perspective, a qualitative analysis of the three alternatives leads to the following observations: per-layer FD basis and NZC selection offers a rather large degree of flexibility to the UE. In other words, current agreements would allow a UE to have different FD bases per layer and decide to have a very uneven NZC selection across layers, provided that any existing constraint on the latter aspect is satisfied (either per layer or across layers). In this context, the need for a further degree of freedom which may complicate the description of UE behaviour, and possibly its complexity, is not evident. A quantitative analysis of the performance/overhead trade-off which characterizes the considered alternatives is performed to assess the validity of this intuition, considering NZC selection according to both Alt0 and Alt1 as per agreements in RAN1#96b. The results of this test are illustrated in Figure 1, where a system configuration as per Table 2 has been considered.
[image: ]
[bookmark: _Ref7714298]Figure 1. UPT for different configurations of Alt2B, Alt3C and Alt6E, for both Alt0 and Alt1 NZC selection
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[bookmark: _Ref7716415]Table 2. Parameters used for obtaining the results in Figure 1

As can be seen from the figure, the performance difference between the three considered alternatives is almost negligible. In this sense, the best performance/overhead trade-off points are arguably offered by Alt3C, which coincidentally has the advantage of being the simplest scheme, regardless of the adopted approach for the NZC selection. The very small performance increase brought by the other two schemes comes in fact at the cost of larger overhead and possibly unnecessary specification complexity. 
Having said this, it may be unreasonable to envision the possibility of configuring the parameters  and  with no consideration on the practical meaning of such configuration. The following considerations can then be made, and summarized into observations:
· Consistency of the FD basis configuration across layers and RIs is paramount to ensure good PMI quality. Accordingly, we may envision to configure  and  jointly in order for the network to control such aspect.
· A limited number of configurations should be supported to simplify the UE implementation. In this context, it is not reasonable, nor physically meaningful, to consider configurations for which . 
· Any  configuration, either jointly determined or not, has an evident impact on the maximum number of NZC which can be reported, i.e., . This may have a significant impact on the UPT/overhead trade-off as compared to Rel-15 performance. Intuitively in fact, a  smaller than  may yield lower PMI accuracy than what can be obtained through Rel-15 WB PMI (i.e., with ‘subbandAmplitude’ set to false), for which up to  NZC can be reported. Accordingly, we should always make sure that the maximum number of NZC is not lower than the maximum number of the reported coefficients in the “low overhead” PMI reporting configuration for Rel-15, i.e., WB-only PMI.
· Both overhead and UE complexity can increase rather significantly when  and no restriction is considered (similar to what has been already agreed during RAN1#96b). To address this issue, particularly small values should be considered for configuring  when , without contradicting the previous point.

Observation 1. Joint configuration of  and  may be advisable, to ensure consistency of the FD basis configuration across layers and RIs.
Observation 2. A limited number of configurations should be supported, possibly not larger than 2. It is not reasonable, nor physically meaningful, to consider configurations for which . 
Observation 3.  values such that the resulting  is smaller than  may yield lower PMI accuracy than what is achieved by Rel-15 WB-only PMI, i.e., when ‘subbandAmplitude’ set to false. In fact, if  then the maximum number of reported NZC would always be lower than what is reported by its “low overhead” Rel-15 PMI counterpart, i.e., up to  non-zero wideband amplitude values. 
Observation 4. A configuration with a very small value of  could be restricted to the case .
Therefore, reasonable configurations accounting for the aforementioned observations could be
·  and , when ;
·  and , when .

Proposal 1. For  setting in case of RI  support Alt3C with jointly configurable  with two supported pairs.
Proposal 2. For  setting in case of RI  make sure that , to ensure that Rel-16 Type II is always capable of reporting at least as accurate PMI as that of Rel-15 WB PMI report (i.e., with ‘subbandAmplitude’ set to false), for which up to  NZC can be reported per layer.
Proposal 3. Support two possible value pairs for  for which , depending on , e.g.:
·  and , for ;
·  and , for .

3 RI :  setting	
The decision on the approach to follow for the NZC selection in Rel-16 codebook when RI{3,4} is rather crucial since it can strongly impact both UPT and UE complexity. In this context, Alt0 offers complete freedom to the UE in the NZC selection, provided that the already agreed overall constraint on their total number across layers is selected. This may arguably be the most attractive option since it may pave the way towards optimal joint NZC selection across layers, however it may also come with considerable costs for the system. More precisely:
· It may result in significant UE complexity increase if an optimal joint selection of NZC across layers is performed. This may motivate the adoption of sub-optimal approaches to the joint NZC selection, or increased latency to derive the PMI, in turn potentially reducing the UPT in unpredictable ways.
· It may result in more precise layer 0 and layer 1 PMI for RI{3,4} as compared to the case RI{1,2}, e.g., when more than  NZC are selected for either of the two layers. This is somehow counterintuitive and may lead to unpredictable UE misbehavior, should a UE want to circumvent the constraint on the max NNZC per layer imposed when RI{1,2} by reporting a larger RI;
· It must rely on a relatively stable behaviour across UEs, to guarantee homogeneity of the PMIs received by gNB from different UEs and across different RIs;

Switching the focus to Alt1, we observe that its only clear disadvantage is that it may not be the best option in terms of UPT, both from a purely theoretical perspective and from what can be observed in Figure 1. However, it can be safely stated that this issue may or may not occur, depending on the UE implementation and capabilities, and may result in minor UPT losses, if any. At the same time, it certainly offers a more predictable outcome for the NZC selection and higher PMI consistency across different RIs and UEs. Accordingly, Alt1 is the safest, and practically speaking possibly cost-free, course of action in our view.
Proposal 4. For the  setting (i.e. setting for the max NNZC), support Alt1.
4 	UCI design: NNZC indicator
The NNZC indicator is a component of UCI part 1 whose scope is to enable an accurate prediction of UCI part 2 payload size. From a quantitative perspective UCI part 1 makes a less efficient usage of uplink resources as compared to UCI part 2 due to its lower MCS index. Thus, it makes sense to strive to reduce its payload as much as possible. In this sense it seems natural to aim at minimizing the number of bits needed by the NNZC indicator, given the current agreements on Rel-16 codebook design.
The four alternatives agreed during RAN1#96b can be divided in two groups: 
· Alt1.1/Alt1.3 in which only one indicator is used for all the layers;
· Alt1.2/Alt1.4 in which 4 separate indicators are used for the 4 layers. 

In our view, having only one indicator plus RI should almost always guarantee non-negligible overhead savings as compared to its 4 indicators counterpart given that the sum of logarithms is always larger than or equal to the logarithm of the sum, with equality occurring only for very specific combination of numbers. The overhead saving could range from 8 to 14 bits in several practically relevant scenarios. In this sense, we favour Alt1.1 due to its simplicity and absence of constraints which may affect performance, introduce some unnecessary dependency between different components of the NNZC indicator and yield a very small overhead saving. 

Proposal 5. For NNZC indicator support Alt1.1.
5 	UCI design: RI  bitmap
Concerning the bitmap design for RI , the following considerations can be made:
· Alt2.1 is a simple extension of what has been agreed for RI . It is easy to implement and does not present any ambiguity;
· The overhead savings potential of Alt2.2/2.2B is not very clear. Intuitively one could expect overhead savings when a large overlap exists among bitmaps, or alternatively when  is particularly small. However, it is not possible to assess the actual overhead of such solutions if no specific description/implementation for the additional bitmap, or combinatorial indicator, is agreed before.
· Alt2.3 relies on the fact the gNB is able to know or infer which polarization is dropped in a layer. However, such capability would strongly depend on other aspects of the UCI design. As such this approach may not be the most straightforward to adopt without designing a specific additional signaling to support it, which may not be necessary to support Alt2.1. Furthermore, it is worth observing that simulations have shown that the probability of observing absence of selected NZC in the weaker polarization seems to be very small. In this sense, it may not be reasonable to design such a specific UCI feature to address what may arguably be described as a corner case.    

Given the above observation, Alt2.1 is in our view the most interesting candidate.
Proposal 6. Support bitmaps with  bits per layer, , i.e., Alt2.1.
6 	UCI design: SCI for RI
The strongest coefficient indicator (SCI) is a UCI indicator that signals the location of the linear combination (LC) coefficient with the largest amplitude (strongest coefficient or SC) in the  bitmap of reported nonzero coefficients (NZCs). The SC amplitude is used to normalise the amplitudes of NZCs in the stronger polarization and to normalise the reported reference amplitude for the weaker polarization. The SC phase is used to normalise the phase of all the NZCs in both polarisations. Therefore, the SC value is identically equal to ‘1’ and neither its amplitude or phase is reported, however its position in the bitmap needs reporting.
Amongst the four alternatives identified in R1-1905724 defining the bit-width of the SCI:
· Alt3.1 has the disadvantage of requiring knowledge of the number of NZCs (NNZC) for each layer. This information determines the bit-width of the CSI field; hence it needs to be known to the gNB before decoding of UCI part 2. Therefore, Alt3.1 implies the use of four indicators for the number of NZCs in UCI part 1, which is unnecessary for the purpose of the NNZC indicator, which serves the sole purpose of predicting the payload size of UCI part 2.
· Alt3.2 does not require per-layer indication of the number of nonzero coefficients, however it uses more bits than needed to signal the SCI, as the bit-width is defined as the minimum between the bitmap size of  and the NNZC indicated in UCI part 1 according to Alt1.1.
· Alt3.3 is compatible with both alternatives for the max NNZC setting ( w/ or w/o per-layer restriction) and also with a single NNZC indicator. However, it requires more bits than Alt3.4 when . This inequality should always be satisfied if we want to ensure that Rel-16 Type II PMI outperforms at least Rel-15 wideband PMI reporting. In fact, for WB PMI reporting,  WB coefficients are reported per layer for RI=1,2, that is one WB coefficient per spatial beam.
· Alt3.4 is the alternative that requires the smallest overhead for , and it does so by exploiting two well-known mathematical properties of Fourier transformation and Grassmannian matrix theory, respectively:
1. A cyclic shift of the FD components is equivalent to applying a phase ramp across the columns of the PMI matrix
2. A phase rotation on the columns of the PMI does not affect the precoder properties
It is worth noting that these properties have already been acknowledged in the discussion related to the oversampled codebook and they lead to the conclusion that signaling the oversampling factor is not needed.
Because exploiting these properties has various benefits beyond the overhead saving in the SCI, in the following we describe in detail how these benefits can be achieved in the specifications for FD compression and elaborate on the advantages of this design. We refer to this technique as cyclic shift.
In a nutshell, the technique consists of reporting a cyclically shifted set of indices for the selected FD components and correspondingly changing the order of the reported LC coefficients. This cyclic shift is applied in the mapping of the FD basis indicator and LC coefficients in their respective UCI fields, i.e., after all the SD/FD compression operations, hence it does not affect the selection of FD basis or the selection and quantization of the LC coefficients. The objective of this cyclic shift is to align the FD basis for each layer with a reference FD component, such that, for example, the FD component of the strongest coefficient (strongest FD component for short) corresponds to the index ‘0’.
In practice, let us introduce some notation to aid the following description.
·  is the index of the -th layer.
·  are the coordinates of the strongest coefficient of .
·  is the FD basis for the -th layer, formed by  orthogonal vectors of size  selected from a DFT codebook.

A UE determines the FD basis subset  and the quantized LC coefficients  for layer  according to its own implementation of FD compression. The first set of indices is reported in the FD basis indicator by means of combinatorial indexing, for example, whereas the second set of coefficients are reported in amplitude and phase. Let us compare the mapping of these indices as well as the SCI without cyclic shift and with cyclic shift.
· Without cyclic shift: a UE reports the indices:  in the FD basis indicator and the quantized LC coefficients according to a certain order, for example row-wise:  ( and zero coefficients are omitted). The SCI is reported by “counting the 1’s” in the bitmap, which requires  or  bits, in case Alt0 and Alt1, respectively, is chosen for max NNZC parameter setting
· With cyclic shift: a UE reports the modulo-shifted indices:  in the FD basis indicator, and rearrange the quantized LC coefficients as:   ( and zero coefficients are omitted). The SCI is , which requires  bits.

Note that the bitmap reflects the order in which the coefficients are reported, hence after cyclic shift the SC is always positioned in the first column, which implies that the spatial coordinate  is enough to locate the SC.
Amongst the benefits of this UCI mapping technique, we highlight the following:
1. Overhead saving in several UCI indicators.
a. In the SCI, fewer bits are needed than Alt3.3 for  or , depending on whether Alt0 or Alt1 is adopted for max NNZC setting, respectively. As noted previously, these values represent the entire region of interest where to operate Rel-16 Type II CSI. In fact, if  performance is likely to be worse than wideband PMI reporting of Rel-15 because fewer nonzero coefficients are reported.
b. In the FD basis indicator,  bits are needed instead of  for 1-step indication, as the FD component alignment ensures that the reference component ‘0’ is always in the FD basis for each layer. For 2-step indication mechanisms, the proposed UCI mapping increases the overlap between FD bases of the RI layers, because all the SCIs are aligned to the same FD component. This may increase the overhead saving brought about by reporting an intermediate FD basis of size . Additionally, for 2-step indications, there is an overhead saving in the step-2 indicator, which only needs  bits instead of  bits.
c. In the NNZC indicator in UCI part 1, no need to report four separate indicators, one per layer
2. No impact on UPT because of the mathematical equivalence of the proposed UCI mapping to a phase perturbation on the columns of the PMI matrix, which does not affect the precoder properties. A similar equivalence has already been exploited to rule out reporting of the oversampling factor. A mathematical proof of this equivalence is provided in detail in our contribution R1-1907319 [4].
3. No impact on specifications regarding UE behaviour. This cyclic shift can be specified with a simple description of UCI mapping indices as described above and does not require, preclude, or impact any UE implementation.
4. No impact on UE complexity aside from a modulo shift operation in the mapping of the FD basis, which has negligible impact on complexity.
5. UCI omission rules facilitated. It is worth observing that the proposed UCI mapping facilitates the creation of omission rules, by making the position of the SCI predictable, so it does not fall in a dropped segment. This can be illustrated by a couple of examples of hypothetical Rel-16 omission rules:
a. A rule that drops a portion of the columns of the bitmap and relative LC coefficients (this is similar to what a 1-bit  indicator should achieve in some companies’ proposals for additional UCI indicators). In this case, the proposed UCI mapping would make sure that the SCI component is always present in the bitmap, regardless of how the omission rules operate. In fact, a fixed omission rule by itself could not account for variable positions of the SCI component, whereas this is achieved by aligning the strongest coefficient of each layer to a fixed FD component which is outside the dropped segment by design.
b. A rule that drops the weaker polarization of a layer (for RI > 1). In this case, the SCI indicator resulting from the proposed UCI mapping implicitly indicates also which polarization is dropped, which would otherwise be impossible to determine without extra signalling. In fact, the indicator would always be able to identify not only the SD beam but also the polarization in which the strongest coefficient is located.

Observation 5. A simple UCI mapping rule allows exploitation of a mathematical property of the Fourier transformation which brings a number of benefits in terms of overhead savings and ease of design for UCI omission rules, with no impact on UPT, UE specific behaviour, or UE complexity.
Observation 6. Alt3.4 is enabled by the proposed UCI mapping with cyclic shift, which allows bit savings in the SCIs, the FD basis indicators (for both 1-step and 2-step schemes), and the NNZC indicator (single indicator instead of layer-specific).
Proposal 7. Support a UCI mapping rule with cyclic shift, such that a UE reports the modulo-shifted indices:  in the FD basis indicator, and rearrange the quantized LC coefficients as:   ( and zero coefficients are omitted).
Proposal 8. For the SCI for RI, support Alt3.4.
7 	UCI design: FD basis indicator
An offline email discussion was carried out after RAN1#96b in order to simplify further discussion on the FD basis indicator design, which according to the original agreement should be chosen among 8 alternatives. Such discussion helped in further categorizing the 8 alternatives into three groups, as follows:
1. Free selection (Alt5.1);
2. Fixed selection (Alt5.4);
3. Two-step selection (the remaining alternatives: Alt5.2, Alt5.3, Alt5.5., Alt5.6, Alt5.7 and Alt5.8).
In particular, the two-step selection alternatives propose different approaches to define the bit-width of their specific indicators, to set the size and the design of the intermediate subset used to reduce the overall bit-width of the resulting two-step indicator, and to introduce or not introduce dependency across layers.
From our perspective, we should favor solutions which offer sufficient flexibility to accommodate different channel statistics and variations over time. This may disqualify fixed-selection solutions which can be too restrictive from the point of view of the UE. Furthermore, we should consider that the merit of two-step selection approaches is two-fold:
· They can reduce the overall bit-width necessary to convey information on the chosen FD basis when the size of the intermediate set is reasonably small.
· They have potential to simplify specification due to the reduced number of codepoints to represent all the possible selections, if combinatorial indication is agreed upon.
At the same time, they may lead to (arguably small) performance loss if the intermediate set is not properly defined and dimensioned. 
Given all these considerations, it would seem appropriate to consider free selection of the FD basis only for system configurations with reasonably sized , for instance when . In this sense, what was referred to as Alt5.1 in the agreement made during RAN1#96b seems a suitable candidate. The FD basis selection could then be signaled using a -bit indicator which makes use of the same “cyclic-shift” principle described in [5], which was used to revert the working assumption on the oversampled codebook and underlies our proposal for the SCI, i.e., the aforementioned Alt3.4. 
Conversely, two-step procedures may be the most suitable candidate when  is large, i.e., when . In this regard, we would advocate the adoption of the following selection criterion: First, the two-step procedure which offers the larger UPT should be identified. Second, the related indicator should be designed in order to minimize its bit-width (at least for the large majority of the cases). In this sense, the “cyclic-shift” principle could be used here as well to make sure that intermediate sets of different layers are all aligned to a reference FD component, e.g., the FD component where the SCI of one of the layers is located. This could both ensure minimum resulting bit-width, regardless of the chosen two-step procedure realization, and coherence with the FD basis selection indicator used for . 
Observation 7. The “cyclic-shift” principle used to revert the working assumption on the oversampled codebook and underlying SCI alternative 3.4 could provide beneficial overhead reduction capabilities for the FD basis selection indicator, regardless of the chosen approach for such indicator.
Observation 8. Supporting two different solutions for  and  could guarantee the best UPT/overhead tradeoff.
Proposal 9. For the FD basis indicator support free selection, e.g., Alt5.1, when .
Proposal 10. For the FD basis indicator support a two-step procedure, e.g., Alt5.2 or Alt5.6, when .
Proposal 11. For the FD basis indicator when , priority should be given to the scheme for which the largest UPT is achieved to then minimize the necessary overhead to support it by means of the DFT “cyclic-shift” principle.
8	Conclusion
In this contribution, we have presented our views on the open issues for the enhanced Type II codebook for CSI feedback. 
Our proposals are as follows:
Proposal 1. For  setting in case of RI  support Alt3C with jointly configurable  with two supported pairs.
Proposal 2. For  setting in case of RI  make sure that , to ensure that Rel-16 Type II is always capable of reporting at least as accurate PMI as that of Rel-15 WB PMI report (i.e., with ‘subbandAmplitude’ set to false), for which up to  NZC can be reported per layer.
Proposal 3. Support two possible value pairs for  for which , depending on , e.g.:
·  and , for ;
·  and , for .

Proposal 4. For the  setting (i.e. setting for the max NNZC), support Alt1.
Proposal 5. For NNZC indicator support Alt1.1.
Proposal 6. Support bitmaps with  bits per layer, , i.e., Alt2.1.
Proposal 7. Support a UCI mapping rule with cyclic shift, such that a UE reports the modulo-shifted indices:  in the FD basis indicator, and rearrange the quantized LC coefficients as:   ( and zero coefficients are omitted).
Proposal 8. For the SCI for RI, support Alt3.4.
Proposal 9. For the FD basis indicator support free selection, e.g., Alt5.1, when .
Proposal 10. For the FD basis indicator support a two-step procedure, e.g., Alt5.2 or Alt5.6, when .
Proposal 11. For the FD basis indicator when , priority should be given to the scheme for which the largest UPT is achieved to then minimize the necessary overhead to support it by means of the DFT “cyclic-shift” principle.
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Appendix	
[bookmark: _Ref528934101]Table 3.  System Simulation Parameters
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM

	Multiple access 
	OFDMA

	Scenario
	Dense Urban

	Carrier frequency
	4GHz

	Inter-BS distance
	200m

	Channel model
	UMa, according to TR 38.901

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS Tx power
	41 dBm

	BS antenna height
	25m

	UE antenna height & gain
	As in TR36.873

	UE receiver noise figure
	9dB

	Modulation
	Up to 256QAM

	Coding on PDSCH 
	LDPC

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS
	15kHz

	Number of RBs
	52

	CSI Feedback bit allocation 
	LD 
	  and   bits

	
	FD-DFT
	   and 

	Simulation bandwidth
	10 MHz for 15kHz

	Frame structure
	Slot Format 0

	MIMO scheme
	SU/MU-MIMO with rank adaptation.

	MIMO layers
	Maximum MU layers = 12

	CSI feedback
	CSI feedback periodicity:  5 ms
Scheduling delay:  4 ms

	Overhead
	2 symbols/slot

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% target utilization.  Arrival rates are:
· 4 users/sec for 16 antenna ports results in 62% RU
· 5 users/sec for 32 antenna ports results in 60% RU

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h)

	UE receiver
	MMSE

	Feedback assumption
	Realistic

	Channel estimation
	Non-ideal
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