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1	Introduction
After the agreements in RAN1#98 [1], the design of Rel-16 Type II feedback is completed. This paper focuses on the outstanding aspects related to UE capabilities/behaviours that still need to be finalised: UE capability on the supported overall number of PMI subbands, UE behaviour for CBSR. Some additional proposals are made for the so-called concurrent codebook configuration problem and on the encoding of Rel-16 Type II PMI to UCI are proposed. 
2	Number of PMI subbands
One of the most peculiar features of Rel-16 Type II codebook, as compared to its Rel-15 counterpart, is the possibility of having a mismatch between the number of subbands for which a differential CQI value is calculated and the overall number of precoders signalled by the UE. In particular, depending on the BWP configuration, the number of the latter can be up to twice larger than the number of the former. This relationship between the two quantities is regulated by the higher-layer parameter , where the number of precoders coincides with or is larger than the number of subbands for which a differential CQI value is calculated for  and , respectively.
The decision to include this parameter in the definition of Rel-16 Type II has been driven by evidence of superior performance obtained when  for several system configurations, e.g., subcarrier spacing, number of subbands and so on. In this case, each precoder corresponds to a narrower subband (or portion of subband) as compared to the case , and may thus be more accurate. The higher accuracy in turn results in non-negligible performance increase. On the other hand, the calculation of the larger number of precoder generally entails a complexity increase at the UE side, this problem being aggravated when the number of spatial beams is large. Several concerns have been expressed in this direction by companies during offline discussions [2]. It has been decided to address these concerns by defining of a suitable UE capability related to the parameter .
Three possibilities have been outlined during the offline discussions:
· Mandatory support of  for all  values;
· Mandatory support of  for , optional for ; 
· Mandatory support of , optional support of .
One additional possibly could be to mandate the support of  depending on the CQI subband size, i.e., , rather than on the number of PMI subbands, i.e., . The rationale of this approach would be to guarantee a minimum accuracy of the precoder which in turn can result in larger network performance. This could be achieved, for instance, by having  mandatory only for . The excessive complexity would be reduced for a large subset of scenarios, but not all of them. This may not fully address the aforementioned concerns; thus, this fourth possibility does not seem suitable. Conversely, mandating the support of  only for  is a reasonable compromise, as a difference between the two formulations for large BWP exists only when  and , for which  would be an optional feature in the second formulation. It should also be noted that this solution would ensure that the maximum number of PMI subbands for Rel-16 Type II would not exceed its Rel-15 counterpart.   
Proposal 1. Mandatory support of  for , optional for .
 
3	UE behaviour for CBSR
After RAN1 #98bis an offline email discussion on CBSR and possibly related RRC parameters has been carried out. Therein it was agreed that no additional RRC parameter is necessary to configure a UE for either “Alt0” or “Alt3A” (see [2] for a definition of the two alternatives). The rationale of this statement is that whenever the UE is not capable of supporting “Alt3A”, then “Alt0” can be implemented by simply not using the two middle values (out of four) in the amplitude restriction value set. This would implicitly realize the agreement achieved in RAN1 #98bis, i.e., “Alt0” is mandatory while “Alt3A” is optional [2]. It was also noted during on offline discussion in the reflector that a common understanding in RAN1 has been that this is the legacy “Rel-15 procedure” for Rel.15 Type II CBSR. However, it was pointed out that a text describing this UE behaviour is currently non-existent in TS38.214 for Rel.15 Type II CBSR. Thus, a clarification in the specification seems to be in order.
As a matter of fact, UE capability signalling has been already defined in R15 by means of the parameter amplitudeSubsetRestriction. gNB can then take this signalling into account when configuring the CBSR by considering that a UE which does not report the parameter amplitudeSubsetRestriction=’supported’ is not expected to be configured with amplitude restrictions other than {0,1}. For the sake of clarity of the specification, we think there is a need to capture this understanding in the specification to avoid any ambiguity. This can be easily done by writing the following sentence in the relevant section:
“A UE that does not report the parameter amplitudeSubsetRestriction=’supported’ is not expected to be configured with amplitude restrictions other than {0,1}”.
Proposal 2. Clarify the expected behaviour of the UE when amplitudeSubsetRestriction is not supported, by adding in the relevant section of the specification the sentence: “A UE that does not report the parameter amplitudeSubsetRestriction=’supported’ is not expected to be configured with amplitude restrictions other than {0,1}”.

4	Concurrent codebook configurations
Rel-15 specification does not prohibit the possibility of having concurrent codebook configurations by means of which gNB can associate different codebook types to different configured CSI reports. In this context, a signalling scheme and a set of UE capabilities related to each Rel-15 codebook type, namely FG 2-36/2-40/2-41/2-43, has been put in place to allow the UE to provide information to gNB used by the latter to configure the CSI reports, ensuring that UE capabilities are not exceeded. In practice, this information is carried by the IE CodebookType, which conveys codebook related parameters by means of the field SupportedCSI-RS-Resource, which includes the sub-fields maxNumberTxPortsPerResource, maxNumberResourcesPerBand and totalNumberTxPortsPerBand, for each codebook type separately. In more explicit words, this field represents the CSI capability for each codebook type across all CCs of a band, in terms of {max number of ports/resource, max number of resources, max number of total ports}. 
On the other hand, no signalling structure exists to inform gNB about UE capabilities related to concurrent codebooks (e.g., Type I + Type II). gNB must then ensure that each scheduled codebook satisfies the relevant capability among FG 2-36, 2-40, 2-41 and 2-43, when concurrent codebooks are scheduled. The UE may have to underreport its capability per codebook to accommodate a worst case in which multiple codebook types are being processed simultaneously. 
An offline discussion has been carried out in the reflector about this underreporting issue. The following alternatives have been proposed so far to solve it:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: The capability of concurrent codebooks should be within the capability of each codebook
· For concurrent codebook 1 scheduled with  and codebook 2 scheduled with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II.
· Alt3: A complementary UE capability is defined to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE.
From our perspective, capability signalling should be designed such that the UE capabilities are exploited efficiently. The objective should always be not to force the UE to underreport its capabilities and maximize the number of CSI calculations the UE can deliver. Furthermore, we should only consider practically meaningful scenarios. The following two observations can be made:
1. The purpose of Rel-16 Type II codebook is to provide a better performance-overhead trade-off w.r.t. Rel-15 Type II codebook, at the cost of increased complexity. In this sense, concurrent configurations of both Rel-15 Type II and Rel-16 type II would be scarcely meaningful, and thus very unlikely to occur.
2. Given the flexibility of the existing CSI configuration framework, it is highly probable that gNB would always configure both Type I and Type II reporting for the UEs capable of supporting both codebooks. The rationale would be to be able to trigger the appropriate report based on criteria such as the type of scheduling the gNB wishes to perform (SU/MU-MIMO, low/high rank transmission), the network load and so on. 

In this context, only concurrent configurations in which Rel-15 Type I reports are configured together with Rel-15/Rel-16 Type II reports are practically relevant. Other configurations shall not be considered when discussing UE capabilities related to the concurrent configurations of different codebook types.
Switching the focus to the three aforementioned alternatives, we observe that the discussion on this issue is not trivial and we should ensure that all possibilities are considered before taking a decision. To be more specific, let us consider the structure of the IE CodebookParameters as in TS38.331 [3] and reported below. Therein we highlight in yellow the parts related to codebook resources supported by the UE. 
CodebookParameters information element
-- ASN1START
-- TAG-CODEBOOKPARAMETERS-START

CodebookParameters ::=             SEQUENCE {
    type1                                  SEQUENCE {
        singlePanel                           SEQUENCE {
            supportedCSI-RS-ResourceList      SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-Resource,
            modes                                  ENUMERATED {mode1, mode1andMode2},
            maxNumberCSI-RS-PerResourceSet    INTEGER (1..8)
        },
        multiPanel                            SEQUENCE {
            supportedCSI-RS-ResourceList      SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-Resource,
            modes                                  ENUMERATED {mode1, mode2, both},
            nrofPanels                            ENUMERATED {n2, n4},
            maxNumberCSI-RS-PerResourceSet    INTEGER (1..8)
        }                                                                                                               OPTIONAL
    },
    type2                                  SEQUENCE {
        supportedCSI-RS-ResourceList      SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-Resource,
        parameterLx                           INTEGER (2..4),
        amplitudeScalingType                ENUMERATED {wideband, widebandAndSubband},
        amplitudeSubsetRestriction         ENUMERATED {supported}              OPTIONAL
    }                                                                                                                   OPTIONAL,
    type2-PortSelection                 SEQUENCE {
        supportedCSI-RS-ResourceList      SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-Resource,
        parameterLx                              INTEGER (2..4),
        amplitudeScalingType                   ENUMERATED {wideband, widebandAndSubband}
    }                                                                                                                   OPTIONAL
}

SupportedCSI-RS-Resource ::=     SEQUENCE {
    maxNumberTxPortsPerResource      ENUMERATED {p2, p4, p8, p12, p16, p24, p32},
    maxNumberResourcesPerBand        INTEGER (1..64),
    totalNumberTxPortsPerBand        INTEGER (2..256)
}

-- TAG-CODEBOOKPARAMETERS-STOP
-- ASN1STOP

As we can be seen from the definition of the IE, the UE signals up to maxNrofCSI-RS-Resources codebook resources per codebook type, where the value of this parameter is 7, as shown below.

maxNrofCSI-RS-Resources                 INTEGER ::= 7       -- Maximum number of codebook resources supported by the UE

Furthermore, it is worth mentioning that according to TS 38.214 [4], A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for a CSI-ReportConfig with the higher layer parameter codebookType set to 'typeII' or to 'typeII-PortSelection' (Rel-16 38.214 will extend this constraint to ‘typeII-r16’ and ‘typeII-PortSelection-r16’). In general, this limitation does not apply to other codebook types. This further complicates the task of the concurrent codebook configurations at gNB, for which it is not straightforward to identify suitable sets of parameters which could maximize the number of CSI calculations the UE can perform, without exceeding its capabilities. 
It is also worth observing that a very sub-optimal codebook configuration may significantly reduce the effectiveness of more complex codebooks such as Rel-15 and Rel-16 type II. This would render the adoption of such codebooks less attractive, which is not a desirable outcome. From our perspective, the best course of action is to discuss about these aspects before taking any decision in RAN1, in order to ensure not to support and specify an ineffective solution. Alt2 above may provide a means to cope with the problem and could be considered as a starting point for the discussion. However, this solution is extremely conservative in our view and should not be supported as is. 
An improvement over Alt2 could be achieved if gNB were able to use the information carried by the UE capabilities to extrapolate an estimation of the complexity of calculating a CSI report associated to the two considered types of concurrent codebooks. Such estimation could allow gNB to express the complexity of calculating a CSI report for the more complex codebook as a function of the complexity of the less complex codebook. gNB could then weigh the number of resources configured for the two codebooks differently, depending on the actual estimated computation resources, e.g., CPUs, a UE may need to perform the CSI computations in the two cases. In this context, a concurrent codebook configuration could be considered as valid if it is within the ‘weighted’ capability of the two codebooks.
It is worth observing that this approach could prevent the occurrence of the problem raised by some companies, in which invalid triggers may occur due to the limitations of the current signalling in case of concurrent codebook configurations. seems to be particularly aligned to the spirit of current specification in which different timing requirements are set for different CSI reports depending on their configuration, i.e., on the complexity of the corresponding computations the UE must perform. 
Proposal 3. Before taking any decision on the concurrent codebook configuration issue, a discussion should be carried out on the features and limitations of current UE capability related to the codebook resources per codebook type. Current restrictions on Resource setting configuration for Type II codebook should also be taken into account.
Proposal 4. Let gNB extrapolate an estimation of the complexity of calculating a CSI report associated to different codebooks, in case of concurrent codebook configuration. A concurrent codebook configuration of two codebooks could be considered as valid if it is within the ‘weighted’ capability of the two codebooks.

5	Mapping order and UCI bit encoding
The mapping order of the CSI fields and the bit encoding in the UCI bit sequence are aspects of CSI reporting for Rel-16 Type II codebooks that have not yet been considered. 
These aspects have been specified for Rel-15 codebooks in Sec. 6.3.2.1.2 of TS 38.212 and the underlying structure adopted in Rel-15 can be extended to the new enhanced codebooks. However, there are a couple of issues that have emerged for the new codebooks, regarding the bit mapping of three indicators: the bitmap indicator, , the nonzero coefficient differential amplitudes, , and phase, , introduced in the Rel-16 CR to TS 38.214. Both issues arise from the definition of CSI omission rule, which is a procedure intended for ‘emergency’ use by a UE that cannot afford CSI report recalculation when PUSCH resources are insufficient. 
1. The bits of these three indicators are partitioned in two priority groups. This aspect diverges from Rel-15 where all subband indicators are assigned, in their entirety, to different priority groups (odd and even subbands) without need to be split. Hence, the question is whether we need to introduce double indicators, one for priority Group 1 and one for priority Group 2, i.e., have six instead of three indicators.
1. The bit priority given by the function  does not vary monotonically with the natural order of bits in the indicators, i.e., Group 1 and 2 are formed by bits that do not correspond to a first and last portion of the indicator. Hence, the question is whether the UCI bit encoding should follow the natural order of bits in the three indicators or the priority order established by .
In our view, with respect to issue 1), introducing two separate indicators for Group 1 and 2, for each of the three CSI fields, ,  and , partitioned by the omission rule, creates further complications in 38.214, which can be avoided. One such complication is that all indicators are defined at the beginning of Sec. 5.2.2.2.5, which describes the enhanced Type II codebook, whereas the omission rule is introduced in a later section, Sec. 5.2.3, about CSI reporting in PUSCH. Therefore, introducing new indicators that depend on the priority functions would require anticipating the concept of omission in the codebook definition. Having two indicators for each of these three CSI fields would also complicate significantly the description of how to obtain these indicators from the nonzero coefficients and bitmap. 
Observation 1: The omission rule in Rel-16 partitions three CSI fields (bitmap, differential amplitude and phase of nonzero coefficients) in two priority groups. This can be captured in the mapping order of CSI fields (38.214 Sec. 6.3.2.1.2) without need to introduce three additional indicators in 38.214.
With respect to issue 2), we think it is preferable for the bit ordering of the three indicators in 38.212 to reflect the priority ordering established by the function , otherwise omitting a priority group would require a UE to calculate the positions of individual bits to remove, after the UCI fields are encoded.
Observation 2: It is preferable for the bit ordering of the three indicators in 38.212 to reflect the priority ordering established by the function , such that a UE applying an omission does not have to calculate the positions of individual bits to remove after CSI calculation.
In conclusion, we favour a simple solution to address both issues, by introducing two separate tables in 38.212 as in the following proposal.
Proposal 5: Add the following Tables in Sec. 6.3.2.1.2
Table 6.3.2.1.2-4A: Mapping order of CSI fields of one CSI report, CSI part 2 Group 0 of codebookType=typeII-r16 or typeII-PortSelection-r16
	CSI report number
	CSI fields

	CSI report #n
CSI part 2, group 0
	PMI fields , from left to right as in Tables 6.3.2.1.2-1A/2A, if reported




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

	CSI report #n
CSI part 2, group 2
	PMI fields ,  lowest priority bits of the bitmap and the  lowest priority nonzero coefficient amplitudes and phases, in decreasing order of priority, based on function  defined in section 5.2.3 of TS38.214, if reported




6	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 proposals are summarised as follows.
Number of PMI subbands:
Proposal 1. Mandatory support of  for , optional for .

UE behaviour for CBSR
Proposal 2. Clarify the expected behaviour of the UE when amplitudeSubsetRestriction is not supported, by adding in the relevant section of the specification the sentence: “A UE that does not report the parameter amplitudeSubsetRestriction=’supported’ is not expected to be configured with amplitude restrictions other than {0,1}”.

Concurrent codebook configurations
Proposal 3. Before taking any decision on the concurrent codebook configuration issue, a discussion should be carried out on the features and limitations of current UE capability related to the codebook resources per codebook type. Current restrictions on Resource setting configuration for Type II codebook should also be taken into account.
Proposal 4. Let gNB extrapolate an estimation of the complexity of calculating a CSI report associated to different codebooks, in case of concurrent codebook configuration. A concurrent codebook configuration of two codebooks could be considered as valid if it is within the ‘weighted’ capability of the two codebooks.

Mapping order and UCI bit encoding
Observation 1: The omission rule in Rel-16 partitions three CSI fields (bitmap, differential amplitude and phase of nonzero coefficients) in two priority groups. This can be captured in the mapping order of CSI fields (38.214 Sec. 6.3.2.1.2) without need to introduce three additional indicators in 38.214.
Observation 2: It is preferable for the bit ordering of the three indicators in 38.212 to reflect the priority ordering established by the function , such that a UE applying an omission does not have to calculate the positions of individual bits to remove after CSI calculation.

Proposal 5: Add the following Tables in Sec. 6.3.2.1.2
Table 6.3.2.1.2-4A: Mapping order of CSI fields of one CSI report, CSI part 2 Group 0 of codebookType=typeII-r16 or typeII-PortSelection-r16
	CSI report number
	CSI fields

	CSI report #n
CSI part 2, group 0
	PMI fields , from left to right as in Tables 6.3.2.1.2-1A/2A, if reported




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

	CSI report #n
CSI part 2, group 2
	PMI fields ,  lowest priority bits of the bitmap and the  lowest priority nonzero coefficient amplitudes and phases, in decreasing order of priority, based on function  defined in section 5.2.3 of TS38.214, if reported
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