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1	Introduction
After the agreements in RAN1#98, the design of Rel-16 Type II feedback is near completion. This paper focus on the outstanding features that still need to be finalised: CSI omission rules, codebook subset restriction, extension of type II port selection codebook to support  and UE capabilities. 
2	UCI omission
In RAN1#98 [1] the design criteria have been agreed for UCI omission, as follows.
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.

It was also agreed to divide UCI part 2 in three groups defined as follows.
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, , FD indicator
· For each of the NRep reports, Group 2 includes at least: 
Note: G1 and G2 exclude the indices associated with the strongest coefficient(s)

The two main remaining issues in the definition of the omission rules are the partition schemes for the NZC and the bitmap. Several alternatives were agreed in RAN1#98 for the partitioning schemes, detailed as follows
Agreement:
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 (l,l,m) (index triplet, the   highest priority coefficients belong to G1 and the  lowest priority coefficients belong to G2. Priority level is calculated as 
· FFS: Exact structure of index permutation function  and , including no permutation
· Alt 1.2: The NZ coefficients  are sorted sequentially 0 to KNZ– 1 in the following order, based on llm indexing (layer  SD  FD), or based on ll m indexing (SD  layer  FD). The group G1 comprises at least first  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 (l,l,m) index triplet, the  highest priority coefficients belong to G1 and the   lowest priority coefficients belong to G2. Priority level is calculated as 
· FFS: Exact structure of index permutation function  and , including no permutation

2. Which group(s)  belong to: down select from the following 
· Alt 2.1: (only coupled with Alt 1.1) First  bits according to  value belong in Group 1, last  according to  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  (N= number of bits for amplitude and phase). The payload size of Group 2 is . 
· FFS: Segmentation of sub-bitmap and coefficients per segment
· Alt 2.3: (only coupled with Alt 1.3) First  bits according to  value belong in Group 1, last  according to  value belong in Group 2
· Alt 2.4 (only coupled with Alt 1.1) First  bits according to  value belong in Group 1, last  according to  value belong in Group 2
· Alt2.5: (applicable to any Alt1.x) Bitmap  is included in Group 0
· Alt2.6: (applicable to any Alt1.x) Bitmap  is included in Group 1

As discussed in our earlier contribution [2], UCI omission should be regarded as an ‘emergency’ procedure adopted by a UE when the allocated resource on PUSCH is insufficient to accommodate a CSI report in full and a UE cannot afford to recalculate a new reduced CSI report.
It may be possible for a UE to anticipate that the resource available is short of what is needed for a CSI report and hence reduce the payload by, for example, adjusting the number of NZC reported. However, for some UE implementation, this spec-transparent adaptation of the CSI payload may not be viable, for example because of parallel processing of CSI reports. In this case, a UE knows the resources are insufficient only after calculating  CSI reports, and adjusting the payload would require some CSI recalculation for at least some of the CSI reports. Hence, an omission rule becomes a useful solution to the excessive payload problem.
A second reason why UCI omission can be useful is, from a network perspective, to allow a gNB to better adjust the resource allocation on PUSCH to the actual CSI payload size. In fact, if a UE was to adapt the CSI payload to the available resources in a specifications-transparent manner, the gNB would not be able to tell whether the existing allocation was insufficient. For example, if at some point the allocated resources had to be reduced because of high traffic demand, and a UE started adapting the reports to the lower allocation, it would be very difficult for the gNB to revert the situation and increase the allocated resources without knowing the nominal size of the CSI reports.
In view of these considerations, a UCI omission rule should be kept as simple as possible. From a UE’s perspective, complexity should be significantly lower than CSI recalculation. Moreover, any detailed optimisation is unlikely to provide significant advantage in the overall system performance given the limited scope of this feature.
Observation 1. UCI omission is a secondary feature with a limited scope of application and intended purpose. It should be used on rare occasions when CSI recalculation/adaptation is not possible and to aid the gNB to adapt resource allocation. For these reasons, complexity should be minimised.
During offline email discussion the number of combinations between NZC and bitmap partitioning schemes has been narrowed down as follows:
Observation: On UCI omission for Rel.16 Type II codebooks 
· On G1/G2 priority rule, Alt1.2 with layerSDFD indexing is equivalent to Alt1.1 without permutation. Therefore, there is consensus on the support for:
· LayerSDFD (lm) indexing (note: this simply narrows down the choices for Prio(.) function)
· Priority level definition: If priority levels of two LCCs and are such that , LCC  has a higher priority over 
· Three alternatives remain to finalize the UCI omission scheme:
· Alt A (cf. Alt1.1+2.6 no permutation, currently supported by 5 companies).  
· G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· Priority level is calculated as  (i.e. no permutation), and bitmap  is included in G1
· Main arguments from the proponents include simplicity considering that UCI omission should only be used in case of emergency and that the overhead saving from bitmap partitioning may not be significant 
· Alt B (cf. Alt1.1+2.6 with permutation, currently supported by 5 companies).
· G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· Priority level is calculated as , and bitmap  is included in G1
· FFS: the functions Perm1(m) and Perm2(l)
· Main arguments from the proponents include the additional robustness from preserving stronger LCCs even in emergency situation and that the overhead saving from bitmap partitioning may not be significant
· Alt C (Alt1.2+2.2, currently supported by 5 companies). 
· G1 comprising more than  highest priority coefficients and G2 comprising the remaining (<) lowest priority coefficients for the same bit-width as G1 of Alt A/B
· Priority level is calculated as  (i.e. no permutation), and bitmap location is according to Alt2.2 (cf. agreement in RAN1#98)
· Main arguments from the proponents include simplicity considering that UCI omission should only be used in case of emergency and some additional overhead saving from bitmap partitioning


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  (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 , 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  (i.e. no permutation), and bitmap location is according to Alt2.2 (cf. agreement in RAN1#98)


The only difference between Alt A and Alt B is the presence of permutation functions for the FD and SD coordinates,  and , respectively. Note that the priority function assigns a priority value to each NZC, , which is calculated as the linear indexing of the position of   in a matrix of size . The corresponding index pair identifying the position of  in such matrix is given by: . It is possible to devise permutation functions that exploit the statistical distribution of amplitudes across the FD components and SD beams. For example, it is well known that the ‘edge’ FD components are statistically more significant, i.e., they carry on average more energy, than the ‘central’ components. However, in practice, any permutation of FD components should also consider the position of the  basis subset within the  or , which adds an extra layer of complexity and may not be desirable. 
It is not worth observing that UPT has always be the reference metric to take decisions during Rel-16 discussions. In this context, investigate the impact that UCI omissions may have on UPT. Our goal is twofold:
1. To make sure that UCI omissions do not penalize UPT excessively, as compared to a specification-transparent approach. In fact, we know that Rel-16 codebook offers a very flexible mechanism for the UE to adapt the UCI payload while keeping full control on the reported coefficients (Rel-15 did not offer this possibility, hence omissions were the only possible emergency procedure). 
2. To assess the merit of the adoption of permutations, if any, in terms of UPT.

To this end, we computed the UPT of the following system (additional configurations are provided in the Appendix) and we present it in Figure 1 and Figure 2:
· Maximum ,  and 32 APs;
· All 4 supported configurations with L=4 are considered: 

· Omission occurs with probability  (low values to model the ‘emergency’ setting);
· Specification-transparent approach does not alter the value of the RI as compared to the no omission case, if the NNZC must be reduced due to low PUSCH capacity;
· Two permutations designed to omit NZC according to their statistical strength, e.g., the omitted coefficients are statistically the lowest. We label these two alternatives Alt 1.1, Perm 1 and Alt 1.1, Perm 2; 
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As can be seen from the figures, the spec transparent approach only marginally outperforms the UCI omission alternatives. Furthermore, the difference between the considered schemes is arguably negligible when . As could have been expected, UPT difference among the considered schemes increases with both  and overhead value. This shows that the more likely scenarios for omissions to occur, i.e., lower overhead and very low probably of omission, are the ones for which omissions do not seem to be excessively detrimental in terms of UPT and for which the latter is not significantly affected by the choice of permutation.
Observation 2. UCI omission are not excessively detrimental in terms of UPT as compared to the spec transparent case.
Observation 3. The adoption of different permutation schemes for the UCI omissions does not yield significant UPT difference for the scenarios in which omissions are more likely to occur.  
Observation 4. Permutations and bitmap partitioning add complexity to the omission rule that is not justified by the very limited gain they may provide.
Proposal 1. For CSI omission, support Alt A.
 
3	CBSR
In RAN1#98 [1] the following was agreed
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, , , 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  

In Rel-16 Type II, to restrict a beam amplitude on all sub-bands, like in Rel-15 Type II, the restriction would need to be on the amplitude of a beam’s coefficients in  rather than . This is, however, difficult to specify as it requires introducing a notation for the coefficients before FD transformation.
A more practical approach is to try and restrict the total radiated power on certain beam directions. This implies solving a joint power constraint problem: the amplitudes of a beam’s transformed coefficients are restricted such that their sum-power is below a predetermined threshold. However, there are two practical difficulties: 1) solving a power constraint problem requires significant complexity on a UE side, and 2) a sum-power constraint extended to all layers may involve up to  sums as can be seen in the triple sum of Alt 3A. 
In order to simplify UE implementation, a power ratio threshold could be imposed on the average power per beam per layer. Let us indicate the amplitude of the NZC for beam , with , layer , FD component  and polarization  as follows
	
	(1)



and let  be the number of NZC for beam  in layer . Note that this number includes all NZC in beam  and . Then, we can apply the sum-power constraint
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here the threshold value  could be set, for example, from the alphabet:  or  (note that the two intermediate values correspond, in logarithmic scale, to -12dB, -6dB for the first set and -6dB, -3dB for the second set). Several approaches can be adopted by the UE to ensure the satisfaction of (2). On the one hand, this allows the adoption of statistics-preserving approaches which do not alter the selected amplitude coefficient profile over the relevant FD components, in turn resulting into a scaled version of the original beam (and PMI coefficients per beam). On the other it does not mandate a specific UE behaviour and does not entail heavy specification impact.  
Proposal 2. For CBSR support amplitude restriction Alt 3A with simplified per layer sum-power constraint: , for  and . This can be done in practice by setting the maximum value of the differential amplitudes as in Alt 2


4	Type II port selection for 
From our perspective, the purpose of type II port selection codebook is to provide an effective tool to perform type II PMI feedback in case of beamformed CSI-RS transmission. This is particularly useful to acquire high-resolution CSI for cell edge UEs. As a consequence, we support the extension of the port selection codebook to accommodate the higher rank Rel-16 applications, without introducing further configurations or features as compared to the baseline Rel-16 codebook. 
Proposal 3. For type II port selection codebook support simple extension for .

5	UE capabilities
Rel-16 type II codebook enhancement has introduced some new features and extended some others. The most relevant is arguably the introduction of the higher rank codebook extension which allows RI indication up to 4 (as compared to maximum allowed =2 in Rel-15). In this context, several codebook configuration restrictions have been agreed in [Prague], in order to ensure that a good trade-off may be achieved between UPT and overhead. In particular, such restrictions guarantee that the difference between the maximum PMI payload overhead for  and  is around 10%. On the other hand, the minimum and average PMI payload overhead is non-negligibly lower for  as compared to.
Observation 5. For Rel-16 codebook, the minimum and average PMI payload overhead is non-negligibly lower for  as compared to.
From our perspective, and given the observation above, it could be beneficial if the support of higher-rank Rel-16 codebook were a UE capability to be signalled in the form of baseline PMI (supported RI values only up to 2) or enhanced PMI (supported RI values up to 4). Thanks to this signalling, gNB would always know beforehand the maximum  which can be expected from each UE, in turn anticipating its maximum PMI payload overhead. As a result, both RRC configuration and PUSCH resource allocation could be simplified and adapted. The only tool gNB can currently use to achieve a similar target is to configure a suitable PMI rank restriction at each UE by means of the higher-layer parameter typeIIRI‑Restriction. Including the possibility for the UE to signal its capability could complement the existing tool and provide more flexibility to gNB.
Proposal 4. Rel-16 UE should signal the support of baseline, i.e., , or enhanced PMI reporting, i.e., . 
A similar approach could be adopted to signal the support of all the optional and reserved parameter values agreed in Rel-16 WI. For instance, the parameter , which regulates the possible mismatch between the PMI and CQI granularity, and the support for  spatial beams. In particular:
· The UE could signal its capability related to  by indicating the support of the value sets  or  , practically defining  as the baseline (already supported by Rel-15) and   as part of a set of two supported values. Alternatively, capability signaling may be avoided if the use of  is restricted to wider BWP only (set of values TBD). 
· The UE could signal its capability related to  by indication the support of value sets  or  practically defining  as the baseline (already supported by Rel-15) and   as an optional supported value. 
Proposal 5. Rel-16 UE should signal the support of baseline, i.e., , or enhanced PMI granularity, i.e., .
Proposal 6. Rel-16 UE should signal the support of baseline, i.e., , or enhanced spatial beam number, i.e., . 
As a direct consequence of this proposal, all the codebook parameter configurations agreed in Rel-16 WI, i.e., the supported  triplets, should be supported by a UE supporting the corresponding  value.
Proposal 7. Given a signalling of its capability related to the number of spatial beams , Rel-16 UE should support all the related codebook configurations.
Switching the focus to the support of additional codebook features, we advocate the reuse of Rel-15 solution concerning the so-called codebook subset restriction, i.e., the use of amplitudeSubsetRestriction parameter to indicate whether amplitude subset restriction is supported by a Rel-16 UE.
Proposal 8. Rel-16 UE should signal the support of amplitude subset restriction, reusing Rel-15 amplitudeSubsetRestriction parameter.
7	Conclusion
In this contribution, we have presented our views on the open issues for the enhanced Type II codebook for CSI feedback, based on analysis and simulation results. 
Our observations and proposals are summarised as follows.
UCI omission:
Observation 1. UCI omission is a secondary feature with a limited scope of application and intended purpose. It should be used on rare occasions when CSI recalculation/adaptation is not possible and to aid the gNB to adapt resource allocation. For these reasons, complexity should be minimised.

Observation 2. UCI omission are not excessively detrimental in terms of UPT as compared to the spec transparent case.
Observation 3. The adoption of different permutation schemes for the UCI omissions does not yield significant UPT difference for the scenarios in which omissions are more likely to occur.  
Observation 4. Permutations and bitmap partitioning add complexity to the omission rule that is not justified by the very limited gain they may provide.

Proposal 1. For CSI omission, support Alt A.
CBSR
Proposal 2. For CBSR support amplitude restriction Alt 3A with simplified per layer sum-power constraint: , for  and . This can be done in practice by setting the maximum value of the differential amplitudes as in Alt 2 
Type II port selection for 
Proposal 3. For type II port selection codebook support simple extension for .
UE capabilities
Observation 5. For Rel-16 codebook, the minimum and average PMI payload overhead is non-negligibly lower for  as compared to.
Proposal 4. Rel-16 UE should signal the support of baseline, i.e., , or enhanced PMI reporting, i.e., .
Proposal 5. Rel-16 UE should signal the support of baseline, i.e., , or enhanced PMI granularity, i.e., .
Proposal 6. Rel-16 UE should signal the support of baseline, i.e., , or enhanced spatial beam number, i.e., .
Proposal 7. Given a signalling of its capability related to the number of spatial beams , Rel-16 UE should support all the related codebook configurations.
Proposal 8. Rel-16 UE should signal the support of amplitude subset restriction, reusing Rel-15 amplitudeSubsetRestriction parameter.
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[bookmark: _Ref528934101]Table 8.  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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