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Introduction
At RAN1#98 agreements were reached on the value of the higher-layer configured parameter α used in the calculation of , the set of supported parameter combinations, and the port selection matrix for rank 1-2. This contribution addresses two remaining topics of the Rel-16 Type II codebook, UCI omission, and CBSR procedures.
UCI Omission
Prior Agreements
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.
a. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
2. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signaling.  
3. The resulting UCI payload after omission should not be ambiguous (payload ambiguity would require the gNB to perform blind decoding of UCI Part 2).
4. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 
Note: CSI omission occurs when the allocated UL resource for UCI is not sufficient for full CSI reporting. 

Agreement





Denote the non-zero LC coefficient (NZC) associated with layer, beam , and FD-basis  as . The associated bitmap component (including zero(s)) is.
For the purpose of UCI omission, the parameters in UCI Part 2 is divided into 3 groups where Group n is of a higher priority than Group (n+1), n=0, 1.

Agreement
When the UE is configured to report NRep CSI reports,
· Group 0 includes at least: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, 
· For each of the NRep reports, Group 1 includes at least: reference amplitude(s) for weaker polarization, [image: ], FD indicator
· For each of the NRep reports, Group 2 includes at least: [image: ]
· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 

In RAN1#98bis, decide the following aspects. If there is no consensus in RAN1#98bis, UCI omission for Rel.16 Type II codebook is not supported in Rel.16 (i.e. UCI omission can be performed via UE implementation).

1. Priority rule for determining G1 and G2: down select from the following:
· Alt 1.1: LC coefficients are prioritized from high to low priority according to (λ,l,m) (index triplet, the  [image: ] highest priority coefficients belong to G1 and the [image: ] lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
· Alt 1.2: The NZ coefficients [image: ] are sorted sequentially 0 to KNZ– 1 in the following order, based on λlm indexing (layer  SD  FD), or based on l λ m indexing (SD  layer  FD). The group G1 comprises at least first[image: ]sorted coefficients, and group G2 comprises the remaining second sorted coefficients.
· Alt 1.3: LC coefficients are prioritized from high to low priority according to (λ,l,m) index triplet, the [image: ] highest priority coefficients belong to G1 and the [image: ]  lowest priority coefficients belong to G2. Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+ λ
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation

2. Which group(s) [image: ] belong to: down select from the following 
· Alt 2.1: (only coupled with Alt 1.1) First [image: ]bits according to Prio(λ,l,m) value belong in Group 1, last [image: ]according to Prio(λ,l,m) value belong in Group 2
· Alt 2.2: (only coupled with Alt 1.2) Bitmap and coefficients are segmented together into M segments (M = number of FD basis indices). Group 1 contains M1 segments and Group 2 contains M2 segments, where M = M1+M2. Each segment contains the bitmap (sub-bitmap) associated with all RI layers, all SD components and a single FD component and the corresponding combining coefficients. The payload size of Group 1 is given by [image: ] (N= number of bits for amplitude and phase). The payload size of Group 2 is [image: ]. 
· FFS: Segmentation of sub-bitmap and coefficients per segment 
· Alt 2.3: (only coupled with Alt 1.3) First [image: ]bits according to Prio(λ,l,m) value belong in Group 1, last [image: ] according to Prio(λ,l,m) value belong in Group 2
· Alt 2.4 (only coupled with Alt 1.1) First RI.LM bits according to Prio(λ,l,m) value belong in Group 1, last RI.LM  according to Prio(λ,l,m) value belong in Group 2
· Alt2.5: (applicable to any Alt1.x) Bitmap [image: ] is included in Group 0
· Alt2.6: (applicable to any Alt1.x) Bitmap [image: ] is included in Group 1

Offline agreement: On UCI omission for Rel.16 Type II codebooks
· Priority level definition: If priority levels of two LCCs and are such that , LCC  has a higher priority over 
· In RAN1#98bis, select one from the following 3 alternatives:
· Alt A (cf. Alt1.1+2.6 no permutation).  
· 

G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· 
Priority level is calculated as Prio(λ,l,m)=2L.RI.m+RI.l+λ (i.e. no permutation), and bitmap  is included in G1
· Alt B (cf. Alt1.1+2.6 with permutation).
· 

G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· 
Priority level is calculated as Prio(λ,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+ λ, and bitmap  is included in G1
· FFS: the functions Perm1(m) and Perm2(l)
· Alt C (cf. Alt1.2+2.2). 
· 

G1 comprising more than  highest priority coefficients and G2 comprising the remaining (<) lowest priority coefficients for the same bit-width as G1 of Alt1.1
· Priority level is calculated as Prio(λ,l,m)=2L.RI.m+RI.l+ λ (i.e. no permutation), and bitmap location is according to Alt2.2 (cf. agreement in RAN1#98)

Comparison of UCI Omission Schemes
In RAN1#98 [1] it was agreed that UCI omission will be supported for Rel. 16 Type-II codebook only if there is consensus in RAN1#98bis. While we support specifying a new UCI omission for Rel. 16 Type-II codebook, we recommend that the UCI omission procedure is not too complex in implementation and/or specification, so as to facilitate reaching consensus among different companies. 

         Support a low-complexity approach for UCI omission in Rel. 16 Type-II codebook

Given the alternatives listed above, UCI part 2 feedback is partitioned (in the order of highest priority) into three groups G0, G1 and G2, where G0 includes at least: the SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, and G1 includes at least: reference amplitude(s) for weaker polarization. No LC coefficient bits or bitmap bits are allowed in G0. In one alternative (Alt C) proposed in the offline discussion, the bitmap bits are distributed across G1 and G2, where this distribution depends on non-zero coefficients selection within the bitmap for the RI layers. Although it seems natural to omit the bitmap bits corresponding to the omitted coefficients contained in G2, this approach would be complex, since the boundary between G1 and G2 can possibly occur between a bitmap bit and a coefficient or even within a coefficient. Moreover, omitting the bitmap bits, even if they correspond to omitted coefficient values in UCI report, would possibly impose restrictions in codebook design at gNB, which may infer the omitted coefficients from prior received CSI reports in case of low Doppler spread channels. Given that, our preference is that the bitmap bits are reported in G1. 

Partitioning the bitmap bits across G1 and G2 would complicate the design and specification of UCI omission, in addition to possibly restricting the codebook design at the gNB.
        Report bitmap information bits in G1.

We hereafter consider only Alt A (No permutation of FD and/or SD basis indices) and Alt B (With permutation of FD and/or SD basis indices) for UCI omission. In general, it is preferred to omit coefficients with the lowest magnitude-values, conditioned that such approach would not require additional overhead bits, as well as not being overly complex. Our simulation results imply that reported coefficients (excluding the strongest coefficient) with large magnitude are statistically concentrated within the high and low FD basis indices. Figure 1 captures the sum power of all reported coefficients within each of the M selected FD basis vectors for parameter combination (L, p, β) = (4, 1/2, 1/2) and RI ≤2, which reveals that coefficients at edge FD basis vectors have larger magnitude values and hence should be prioritized in case of CSI omission.
[image: C:\Users\IbrahimH\Desktop\untitled.png]
[bookmark: _Ref20866794]Figure 1: Differential power of coefficients across the M selected FD basis indices for RI ≤ 2 and parameter combination (L, p, β) = (4, 1/2, 1/2)

Coefficients reported within the first few and last few FD basis indices statistically have larger magnitude values compared with coefficients reported in the center FD basis indices.

Similarly for SD basis indices, assuming  is the SD basis index containing the strongest coefficient, then the coefficients in row (row corresponding to the beam with the strongest coefficient on the other polarization) also have statistically larger magnitude values compared with reported coefficients in other SD basis indices. Simulations were performed to determine the average of the relative power within reported coefficients in the SD basis indices  *(i), as well as the average of the relative power across remaining SD basis indices in each of the strong and weak polarizations. The results can be found in Table 1, where it is shown that the sum of the powers of coefficients within SD basis  (35.19%) exceeds the sum of the powers of all the remaining coefficients in the same polarization ((L-1)x11.62= 34.86%). Note that the percentage of the average relative power in SD basis index *(i) is low since it does not include the SC whose amplitude value need not be reported.  The average relative power of SD basis vector, which corresponds to the same DFT beam as * but with the orthogonal polarization, has between 1.4 and 3 times the average relative power of the remaining 2L – 2 beams, at RI =1, 4, respectively. 

	     SD basis index

Layer index i
	*(i)
	Avg. power percentage (per beam) in remaining SD basis indices within the strong polarization
	
	Avg. power percentage (per beam) in remaining SD basis indices within the weak polarization

	0
	0.51%
	11.62%
	35.19%
	9.81%

	1
	0.54%
	12.98%
	24.46%
	12.03%

	2
	1.59%
	13.47%
	20.69%
	12.92%

	3
	0.09%
	13.61%
	18.92%
	13.39%


[bookmark: _Ref20866908]Table 1: Percentage of sum power of reported coefficients across different SD basis indices for parameter combination (L, p, β) = (4, 1/4, 1/2) at layer i, conditioned that RI ≥ i+1

Given that the strongest LCC in layer i is located at SD basis index *(i), coefficients reported within row (*(i) +L) mod2L statistically have larger magnitude values compared with reported coefficients in other rows.


In the following we compare three priority orderings for coefficient information in UCI report for L=2, M=4 and RI=2. For all cases, layer  SD  FD priority ordering is adopted, where FD & SD basis indices are possibly permuted. We start with Alt A, where FD basis and SD basis indices follow conventional ordering (no permutation). In Figure 2,  coefficient priority ordering is provided based on Alt A, where cells corresponding to smaller values have higher priority, and vice versa. Here, KNZ=18, where (KNZ-RI)/2=8 coefficients (excluding the SC in each layer, shaded in red) are reported in each of G1 (shaded in solid grey) and G2 (shaded in striped grey).  
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[bookmark: _Ref21080790]Figure 2: Coefficient priority for Alt A. SC shaded in red, Coefficients within G1 shaded in solid grey and coefficients within G2 shaded in striped grey

Another alternative would be Alt B, where FD basis and/or SD basis are permuted based on a predefined rule. A reasonable permutation that complies with the result in Figure 1 is permuting the FD basis indices such that coefficients within edge FD basis indices have higher priority. For instance, permutation function Perm1([0  1  ..  M-2  M-1]) = [0  M-1  1  M-2 … ⌊M/2⌋]. We call this Alt B1. In such case, priority ordering and coefficients grouping are depicted in Figure 3.
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[bookmark: _Ref20871668]Figure 3: Coefficient priority for Alt B1. SC shaded in red, Coefficients within G1 shaded in solid grey and coefficients within G2 shaded in striped grey

One other example of Alt B includes permuting both the FD basis and SD basis indices, where FD basis indices are permuted in a similar manner to Alt B1, i.e., Perm1([0  1  ..  M-2  M-1]) = [0  M-1  1  M-2 … ⌊M/2⌋], in addition to SD basis indices permutation inspired by the result in Table 1, in which the SD basis corresponding to the beam with the strongest coefficient on the other polarization has highest priority, i.e., Perm2([0  1  ..  2L-2  2L-1]) = [  0  1  ..  2L-1]. We call this Alt B2, with priority ordering and coefficients grouping depicted in Figure 4, as follows
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[bookmark: _Ref20871878]Figure 4: Coefficient priority for Alt B2. SC shaded in red, Coefficients within G1 shaded in solid grey and coefficients within G2 shaded in striped grey

In order to assess the performance of different alternatives for UCI omission we provide system level simulation results in Table 2, where the average throughput and cell-edge throughput are both provided, relative to the case without UCI omission. Note that 5% cell-edge throughput is a crucial metric for evaluating UCI omission schemes, since users at the cell edge are more likely to have varying performance and hence are more subject to UCI omission. Moreover, users at the cell edge are subject to larger delay spread, and hence UCI omission would have larger impact on performance. Simulation parameters are provided in the Appendix.

	Scheme
	5% Cell-edge UPT
	Mean UPT

	Alt A
	98.14%
	99.17%

	Alt B1
	98.59%
	99.31%

	Alt B2
	98.70%
	99.39%


[bookmark: _Ref20872071]Table 2: Relative Throughput of Alt A, Alt B1 and Alt B2 UCI omission schemes for (L,p,β)=(4,1/2,1/2) 

Simulation results show that Alt B2 (Simultaneous SD basis / FD basis permutation) achieves the best performance, with Alt B1 being slightly behind in terms of mean and cell-edge user packet throughput (UPT). We however prefer Alt B1, keeping in mind the specification complexity given that permuting along two dimensions can be confusing. For ease of exposition, the permutation function can be expressed as  for FD basis index m = 0, 1, .., M-1. 
[bookmark: _GoBack]
Alt B UCI omission provides performance gain in mean and 5% UPT over Alt A.
Alt B1 with FD basis permutation only provides a good balance between performance and complexity, compared with Alt A (no permutation) and Alt B2 (permutation of both FD/SD basis indices).
Support Alt B with FD basis permutation.


CBSR
Prior Agreements
Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 


Agreement
On CBSR for Rel.16 Type II codebook:
· Support SD-only subset restriction (without FD)
· In RAN1#98bis, select one of the following criteria for SD subset restriction:
· Alt1. Analogous to Rel.15 Type I
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Alt3. Rel. 15 Type II SD beam group restriction + sum power per SD beam restriction
· Support RI restriction

Agreement
On CBSR for Rel.16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.
· Alt1. Analogous to Rel.15 Type I
· Hard restriction (0 or 1) can be applied to any of the spatial beams (the restriction is applied for both polarizations of the beam) and is higher-layer configured with one size-N1N2O1O2 bitmap B
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 


For each spatial beam in each of the four beam groups, soft restriction (maximum amplitude of 0, ½, , or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· Alt3. Rel. 15 Type II SD beam group restriction + joint per SD beam restriction
· Four beam groups are selected via higher-layer configured bitmap B1
· Amplitude restriction:
· 


Alt 3A (Sum power ratio): For each beam  in each of the four beam groups, power ratio threshold  (definition and values FFS) is configured, the following criterion should be satisfied:  
· 




Alt 3B (Restriction on ): For each beam  in each of the four beam groups and FD index k0, 0≤k0.<N3, wideband gain threshold  (maximum threshold of 0, ,, or 1) is configured, the following criterion should be satisfied:

	 
i.e. the “wideband gain” in the frequency domain of the precoder is restricted similarly to Rel. 15
· 
This maximum amplitude restriction is higher-layer configured with four bitmaps  
Alt 3B Description
CBSR has been supported for NR Rel. 15 Type-II codebooks to mitigate inter-cell interference, in which a joint beam and wideband amplitude restriction are imposed on up to 4 beam groups of size N1N2 each, with amplitude taking on values. Given the absence of a reported wideband amplitude value per SD basis vector in Rel. 16 Type-II codebook and given that the reported coefficients do not represent coefficient information on a subband level, the Rel. 15 Type-II CBSR procedure cannot be reused in a straightforward manner. 

Nevertheless, given the limited amount of TU left for Rel. 16 Type-II codebook discussion, we prefer to reuse the Rel. 15 Type-II CBSR framework for Rel. 16, in terms of CBSR format and functionality. However, this would require some modification to the method in which CBSR is enforced. Recall the precoding matrix for Rel. 16 Type-II codebook for layer i is in the form. Hereafter we assume RI =1 and we omit the superscript (i) for ease of exposition. Given that the cases with beams whose amplitude restriction is set to 0 (beam cannot be selected when constructing matrix W1) or to 1 (beam can be freely selected when constructing W1) are trivial, we focus in the sequel on the case with beam amplitude restriction to  values. 

Assume SD basis index j corresponds to a beam with amplitude restriction of. CBSR violation is checked by verifying that |WCBSR(j,i)| > c.γ for any SB index i where c = maxk,l|WCBSR(k,l)|. An SD basis vector j is then said to be violating CBSR by α>0 dB if maxi|WCBSR(j,i)| = c.γ.10α/20. 
[image: ]
[bookmark: _Ref16873414]Figure 5: Example of CBSR check on SB level at N3=13, RI=1, , where SD basis vector j is restricted. 
One implementation approach to pursue CBSR in a manner similar to that in Rel. 15 Type-II codebook is as follows. Assuming SD basis index j corresponds to a restricted beam, after computing the quantized precoder weight matrix, the CBSR check is performed on the jth row of the 2LxN3 frequency-domain matrix. Note that computing WCBSR should not incur extra complexity since it is used to compute W=W1WCBSR for CQI calculation at the UE. Assume after the CBSR check it was identified that SD basis index j violates the CBSR by xj dB, the UE may then lower the quantized amplitude level of all non-zero coefficients of SD basis index j by 3y dB, where y is the smallest positive integer satisfying 3y ≥ xj. Note that such attenuation can be done straightforwardly since the quantized amplitude levels of LCCs are equally spaced by 3 dB. This approach however may result in the quantized amplitude level of one or more LCC going below the lowest valid quantization level. In that case one can zero out this LCC and modify the coefficient bitmap accordingly. Our simulations show that the omission of such coefficient is expected to have minimal impact on CBSR since the amplitude value of this LCC was already negligible.
 Owing to the linearity property of the DFT operation, the prior approach suffices to enforce CBSR without further check, and hence the scaled down LCCs corresponding to SD basis index j can be reported to the gNB for reconstructing  accordingly for the precoder generation at the gNB. A pictorial view of the CBSR process is provided in Figure 5 and Figure 6, in which Figure 5 illustrates the CBSR check procedure for beam j whose amplitude is restricted to  (-6 dB w.r.t. the beam containing the SC). Since the CBSR violation α  4 dB, coefficients amplitude values of SD basis vector j should be reduced by ≥ α dB. This coefficient amplitude reduction is depicted in Figure 6, where the amplitude values of the coefficients of the reference SD basis vector are plotted in FD basis domain along with those of the restricted SD basis vector j. Here, the coefficients of SD basis vector j are shifted by 6 dB to satisfy CBSR. Note that the coefficient corresponding to the SD/FD basis index pair (j, 4) is omitted after CBSR since it is shifted below the lowest SB amplitude quantization level.
[image: ]
[bookmark: _Ref16873445]Figure 6: Example of CBSR process at M=7, RI=1, where SD basis vector j is restricted. 

Observation 1 CBSR can be applied in frequency domain for Rel. 16 Type-II codebook without notable complexity.

Alternative UE Implementation
A modified version of the implementation described above is summarized in the block diagram of Figure 7 where the blue-shaded boxes correspond to Rel. 16 Type II CSI operations, while the orange-shaded blocks are additional functions needed to implement CBSR. 

The first step is the same as in the example described above, i.e. the calculation of frequency domain precoders. This is followed by a new function which scales elements of the calculated precoder  to generate which satisfies a preliminary UE implementation-dependent beam amplitude constraint. One example of such a constraint is similar to the Rel. 15 CBSR constraint but with an additional margin factor β to account for the effect of FD coefficient quantization:


where  is the set of restricted beams. A typical value for β could be between 0.9 and 1.0. Selecting a lower value β will result in more deviation of the unquantized precoding vectors from the optimum values, but lower β decrease the chances of CBSR violation and hence coefficients’ amplitude scaling after the quantization. Since the coefficient scaling is performed over all the coefficients of the restricted beam, it will likely cause more deviation from the optimum (without CBSR precoding vector). In our experiments we found that β = 0.95 provides a good balance between the two cases, i.e., unquantized precoder deviating from the optimum, and need for performing coefficient amplitude scaling of quantized coefficients.  

This step is followed by the Rel. 16 IFFT and coefficient selection and quantization. The quantized FD coefficients are then transformed back to the frequency domain. At this point the CBSR requirement can be checked. As mentioned above, coefficient quantization in the FD domain can cause maximum beam amplitudes in the frequency domain to change relative to the maximum beam amplitudes after adjustment,  . If this is the case, a scaling factor of  for some positive integer n can be applied to any beam which violates the CBSR restriction. This multiplication is applied to both the FD coefficients and frequency domain precoders. The set of scaling factors can be represented as a diagonal matrix whose entries are powers of . Note that for the purpose of generating the FD basis coefficients, multiplication of an amplitude by a power of   is equivalent to table look-up since the amplitude coefficients are quantized to multiples of 3 dB. In addition it can be observed in Figure 7 that the FFT operation performed before the CBSR check is anyway needed for CQI calculation for Rel. 16 and therefore this implementation does not require additional FFT operations.
[image: ]
[bookmark: _Ref21093028]Figure 7: An alternative Alt 3B UE implementation. Blue-shaded boxes correspond to Rel. 16 Type II CSI operations while the orange-shaded blocks are additional functions needed to implement CBSR. 

Comparison of CBSR Schemes

Comparing the four alternatives, Alt 1 is the simplest in both specification and implementation complexity but whose performance suffers from not being able to take advantage of weighting in adjacent beams.  Alt 2 and Alt 3A restrict the amplitude of FD coefficients to a fraction of a threshold as a means of restricting the power of a beam, or equivalently the average power per subband. However they differ on the form of the threshold. In Alt 2 the threshold is not explicitly stated but since coefficient amplitudes are restricted to values of (0, 1/2, , or 1), the threshold is implicitly 1. In Alt 3A the threshold is the sum of the amplitude square of the coefficients over all layers. Neglecting subband power scaling of precoders, Alt 3A therefore restricts the fraction of transmitted power that can be in a restricted beam [2].
Special Considerations for Alt 3A (Sum power ratio)
Alt 3A involves summation over all the layers (λ), thus the CBSR check needs to be performed after quantization of the last layer.  (UE may implement this alternative by performing CBSR check after each layer). The problem with this approach is that it is not clear how the UE will take corrective action to avoid CBSR violation if after encoding the last layer, the CBSR check fails (assuming UE was not performing this check after each layer). It is possible that as a corrective action the UE may even have to adjust the quantized coefficient of a prior lower layer as well. This modification may either be suboptimal since it may result in loss of orthogonality between the layers or result in increased complexity as re-computing the lower layer to maintain orthogonality may be required.  
Observation 2 Modifying a layer’s FD coefficients to satisfy Alt 3A’s CBSR constraint will cause either loss of orthogonality with previously computed layers or additional complexity in recalculating previous layers’ coefficients.
A second consideration is the effect of rank downgrading at the gNB. It is desirable that an MU-MIMO scheduler has the flexibility to downgrade the rank of a UE.  However it is likely that a particular layer or subset of layers may not satisfy CBSR. In this case, if gNB schedules a UE with downgraded rank, this may result in excessive inter-cell interference under Alt 3A.
Observation 3 The CBSR criterion may not be satisfied if the gNB schedules UEs with downgraded rank when CBSR restriction calculated according Alt 3A 

Complexity
The complexity of Alt 2 and Alt 3A, both being in the FD coefficient domain, would seem to have a complexity advantage over Alt 3B. However this conclusion is based on the assumption that additional transformations to the frequency domain are required for Alt 3B which was shown not to be the case for the two UE implementations described above.  The scaling of restricted beams’ amplitudes is applied directly after precoder calculation via shifting the quantized amplitude level in the FD basis domain, rather than element-by-element multiplication. This is in contrast to Alt 3A where modification of FD coefficients can cause loss of orthogonality or additional complexity to maintain orthogonality between layers.  

Performance
Alt 3B has the advantage that the power in each subband is restricted to a fraction of the maximum subband power over all beams as opposed to the average power restriction of Alt 2 and Alt 3A. Restricting power on a subband basis tends to reduce the variation in interference level received in adjacent cells due to restricted beams which means certain subbands can have high interference levels in adjacent cells.
Alt 2 effectively scales with respect to the strongest coefficient over a layer which may be reasonable if most of the coefficient energy is in the strongest coefficient but will be ineffective if a restricted beam has significant energy in multiple FD coefficients which could all be below the restricted amplitude.

Considering the factors discussed above, in addition to Alt 3B’s compatibility with the CBSR restriction defined for Rel. 15 Type II codebook, we propose that Alt 3B CBSR scheme be adopted for the Rel. 16 Type II codebook.

Proposal 1 
Adopt Alt 3B, (Restriction on )
Conclusion
Based on the discussion in this contributions we make the following observations:
1. Partitioning the bitmap bits across G1 and G2 would complicate the design and specification of UCI omission, in addition to possibly restricting the codebook design at the gNB.
Coefficients reported within the first few and last few FD basis indices statistically have larger magnitude values compared with coefficients reported in the center FD basis indices.
Given that the strongest LCC in layer i is located at SD basis index *(i), coefficients reported within row (*(i) +L) mod2L statistically have larger magnitude values compared with reported coefficients in other rows.
Alt B UCI omission provides performance gain in mean and 5% UPT over Alt A.
Alt B1 with FD basis permutation only provides a good balance between performance and complexity, compared with Alt A (no permutation) and Alt B2 (permutation of both FD/SD basis indices).
Observation 5 CBSR can be applied in frequency domain for Rel. 16 Type-II codebook without notable complexity.
Observation 6 Modifying a layer’s FD coefficients to satisfy Alt 3A’s CBSR constraint will cause either loss of orthogonality with previously computed layers or additional complexity in recalculating previous layers’ coefficients.
Observation 7 The CBSR criterion may not be satisfied if the gNB schedules UEs with downgraded rank when CBSR restriction calculated according Alt 3A 
It proposals are the following:
1. Support a low-complexity approach for UCI omission in Rel. 16 Type-II codebook
Report bitmap information bits in G1.
Support Alt B with FD basis permutation.
Proposal 3 
Adopt Alt 3B, (Restriction on )

References

[1] 	“RAN1#98 Chairman's Notes,” Prague, CZ, Aug. 26-30, 2019.
[2] 	R1-1909523, Ericsson, “On CSI enhancements for MU-MIMO,” Prague, CZ, Aug. 26-30, 2019.
[3] 	“RAN1#95 Chairman's Notes,” Spokane, USA, Nov. 12-16, 2018.


	
image2.wmf
{0,1,...,21}

lL

Î-


oleObject2.bin

image3.wmf
{0,1,...,1}

mM

Î-


oleObject3.bin

image4.wmf
()

,

lm

c

l


oleObject4.bin

image5.wmf
()

,

lm

l

b


oleObject5.bin

image6.wmf
(

)

{

}

()

,1

,  ,,

lm

clmG

l

l

Î


image7.wmf
(

)

{

}

()

,2

,  ,,

lm

clmG

l

l

Î


image8.wmf
/2

TOT

NZ

K

éù

êú


image9.wmf
/2

TOT

NZ

K

êú

ëû


image10.wmf
()

,

lm

c

l


image11.wmf
2

NZ

K


image12.wmf
/42

TOT

NZ

KLL

êú

´

ëû


image13.wmf
()

,

lm

l

b


image14.wmf
RI.2

2

TOT

NZ

K

LM

-


image15.wmf
2

TOT

NZ

K


image16.wmf
.2

2

TOT

NZ

K

RILMN

+


image17.wmf
()

2

TOT

NZ

K

ab

+


image18.wmf
RI.2/42

TOT

NZ

LMKLL

êú

-´

ëû


image19.wmf
/42

TOT

NZ

KLL

êú

´

ëû


image20.wmf
/2

TOT

NZ

K

éù

êú


oleObject6.bin

image21.wmf
/2

TOT

NZ

K

êú

ëû


oleObject7.bin

image22.wmf
()

,

lm

l

b


oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

image23.png
o ¥ © B B

(gp) sjuse00 papodal jo samod [enualegiq

o~

Selected FD basis index




image24.wmf
12


oleObject14.bin

image25.wmf
2

W

%


oleObject15.bin

image26.wmf
{

}

(1)(2)(3)(4)

2222

,,,

BBBB


oleObject16.bin

image27.wmf
0

l


oleObject17.bin

image28.wmf
0

l

g


oleObject18.bin

image29.wmf
(

)

0

111

2

,

000

,,

o

RIM

resll

mk

pmk

l

lg

--

===

£

ååå


oleObject19.bin

image30.wmf
22

H

f

WWW

=

%


oleObject20.bin

oleObject21.bin

image31.wmf
0

l

G


oleObject22.bin

image32.wmf
2

2


oleObject23.bin

image33.wmf
1

2


oleObject24.bin

image34.wmf
(

)

(

)

0

200

2

,

,

max,

l

lk

wlk

wlk

£G


oleObject25.bin

oleObject26.bin

image35.emf
0 2 4 6 8 10 12

SB index

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

N

o

r

m

a

l

i

z

e

d

 

S

B

 

a

m

p

l

i

t

u

d

e

 

(

d

B

)

Ref. SD basis (contains SC)

SD basis vector j

CBSR threshold

CBSR violation (  dB)


image36.emf
0 1 2 3 4 5 6

Selected FD basis index

-25

-20

-15

-10

-5

0

C

o

e

f

f

i

c

i

e

n

t

 

a

m

p

l

i

t

u

d

e

 

(

d

B

)

Ref. SD basis (contains SC)

SD basis vector j (before CBSR)

SD basis vector j (after CBSR)

6 dB shift

Coefficient omitted

after CBSR


image37.emf
 

Precoder 

Calculation

IFFT

Coeff .  Selection 

and Quantization

FFT

CBSR check

Coeff.  Amplitude 

Scaling

Beam Amplitude 

Scaling

CQI Calculation

2, q

W





CBSR Adjustment

2,2, CBSRCBSRq

WDW 





2,2, CBSRCBSRq

WDW





Adjust precoder weights to satisfy a 

Rel-15  type amplitude restriction , 

e.g.  by scaling down precoder 

weights whose amplitudes exceed 

the product of constant 

 

which is in 

thre range of  0. 9  to  1 .0 ,   the 

threshold 

g,

and the peak precoder 

ampltiude over all unrestricted 

beams  

Check for subband 

amplitudes greater than  

g

max

k,l

|

W

CBSR

( k,l) 

CBSR

D

Diagonal scaling 

matrix to scale all 

coefficients of any 

violating beams by a 

factor equal to a  

power of 

√

2/2 .

2

W

2

W



2, q

W



Channel 

Matrices


oleObject27.bin

oleObject28.bin

oleObject29.bin

image1.wmf
{0,1,...,1}

RI

l

Î-


oleObject1.bin

