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[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we raise the issue of the signaling of supportedCSI-RS-ResourceList in UE FG2-36/2-40/2-41/2-43. We provide two alternatives to address this issue.
Issues of the signaling of supportedCSI-RS-ResourceList
According to current spec of TS 38.306 [1], UE can report codebookParameters to indicate the codebooks and the corresponding list of supported CSI-RS resources i.e., supportedCSI-RS-ResourceList, and Comp.1 in FG2-36/2-40/2-41/2-43. The list of supported CSI-RS resources consists of {maxNumberTxPortsPerResource, maxNumberResourcesPerBand, totalNumberTxPortsPerBand}, where maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a CSI-RS resource simultaneously, maxNumberResourcesPerBand indicates the maximum number of CSI-RS resources across all CCs simultaneously, and totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs simultaneously. 
The list of supported CSI-RS resources are changed to be band-specific in current spec of TS 38.306, even the reporting type of the corresponding parameters is still “Type 3” [3], which means per band in the band combination or per band combination [4]. This change will induce the additional resource requirements to UE who is operating in inter-CA. 
Consider a UE can support list of CSI-RS resources:
Band A: {16, 1, 16}, {8, 2, 12};
Band B: {16, 1, 16}, {8, 2, 12}.
When the UE is operating on Band A + B, it is required to support: {16, 2, 32} and {8, 4, 24}. The requirements on the UE capabilities are even higher when more bands are involved. Actually, in the implementation, the capabilities are shared among the CSI computations in the different bands. It implies that only one common hardware with certain budget in one UE is used for CSI computation on the all bands. No dedicated resource is used for CSI computation in each band. Therefore the above UE can support a list of CSI-RS resources under Band A+B:
Band A + B: {16, 1, 16}, {8, 2, 12};
From UE implementation perspective, we have more concern for the “total” capabilities in all Bands much more than that for individual band. It is RAN1’s intention of the capabilities of codebookParameters in Band Combination [3]. 
In case that the CSI-RS resources associated to CSI reporting are triggered or configured are outside of UE real capability in inter-band CA, the UE will generally prefer to report smaller values of supportedCSI-RS-ResourceList, which is down-scaled by the number of supported bands. For example for above case, to fit in its capability envelope, the UE will report: 
Band A: {4, 1, 4};
Band B: {4, 1, 4}.
In this context, CSI reporting based on 16-port CSI-RS resource is no longer scheduled by NW, even when this UE is operated in the single-band mode and it can support CSI reporting based on 16-port CSI-RS resource. The above mismatching between the reported and actual UE capability will be worse under more supported bands.
Observation 1: the list of supported CSI-RS resources in codebookParameters with a per-band manner may induce the mismatching between reported and actual capabilities over UE CSI computation for the case of inter-band CA.
From current spec, there is a related UE capability report in FG2-33 to restrict the maximum number of active NZP-CSI-RS resources that the NW may configure across all CCs per band combination (i.e, maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC) and the maximum total number of ports that the NW may configure across all NZP-CSI-RS resources across all CCs per band combination (i.e., totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC), where the definition of “active” CSI-RS resources is summarized in Table 1 [2].
Table 1: Definition on active time of CSI-RS resource
	
	Active time

	Periodic CSI-RS 
	Starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released

	Semi-persistent CSI-RS
	From the end of when the activation command is applied, and ending at the end of when the deactivation command is applied

	Aperiodic CSI-RS
	From the end of the PDCCH containing the request and ending at the end of PUSCH containing the CSI report.



However, with this restriction on the UE capability reporting in FG2-33, the issue in Observation 1 is still unsolved. The reasons are provided as follows: 
[bookmark: _GoBack]At first, UE can only report one value of the above the max number of CSI-RS resources and the total number of ports across the resources in FG2-33 for each band combination. Nevertheless, UE can report the list including up to 7 sets of supportedCSI-RS-ResourceList in FG2-36/2-40/2-41/2-43. The UE capabilities of FG2-33 cannot serve as the UE’s capability envelope covering up to 7 sets of supportedCSI-RS-ResourceList.
Then, we provide following example to explain why the restriction of FG2-33 does not work. Consider a UE whose list of supported CSI-RS resources {maxNumberTxPortsPerResource, maxNumberResourcesPerBand, totalNumberTxPortsPerBand} are as follows:
Band A: {16, 1, 16}, {8, 2, 12};
Band B: {16, 1, 16}, {8, 2, 12}.
When this UE is operated in inter-band CA, the supported CSI-RS resources are same as that in single band case, i.e., the limitation on the supported CSI-RS resources in inter-band CA can be given by: 
Limitation 1: Band A + B: {16, 1, 16}, {8, 2, 12}.
If with the restriction from FG2-33, UE may report following candidates for {maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC, totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC}:
· Candidate 1: Band A+B: {2, 16}
The NW can configure one 8-port CSI-RS resource on Band A and on Band B respectively. These two CSI-RS resources can be active simultaneously within the capability envelope decided by the reported capability {2, 16}. And the NW can trigger/configure[footnoteRef:1] one CSI reporting based on the configured 8-port CSI-RS resource on Band A and on Band B simultaneously.  Under this configuration/triggering, the total number of Tx ports of CSI-RS on Band A and Band B is 16, which means Limitation 1 is broken and the hardware of UE cannot support the above configuration/triggering. [1:  CSI reporting can be periodic (configured by RRC) or semi-persistent (triggered by MAC CE or DCI) or aperiodic (triggered by DCI).] 

Table 2: Examples of active CSI-RS resources under the restriction of the reported capability of {2,16}
	
	Band A
	Band B
	Support/ not

	Configuration 1
	P CSI-RS: {1, 8}
	AP CSI-RS: {1, 8}
	No, over the UE hardware capability

	Configuration 2
	P CSI-RS: {1, 8}
	P CSI-RS: {1, 8}
	No, over the UE hardware capability

	Configuration 3
	AP CSI-RS: {1, 8}
	AP CSI-RS: {1, 8}
	No, , over the UE hardware capability



· Candidate 2: Band A+B: {1, 16}
From Configurations 1~4 in Table 3, we can see that if periodic CSI-RS is configured on any band, no CSI-RS resource can be configured on the other band because the periodic CSI-RS is always active after RRC configuration and totally only one active CSI-RS can be supported on both Band A and Band B under the reported capability {1, 16}. In other words, if periodic CSI-RS is configured on any band, the CSI reporting is no longer supported on the other band. In this context, the scheduling of the NW will be restricted and the system throughput may be negatively affected.
To support the CSI reporting on the both bands, only aperiodic CSI-RS resources can be configured on both bands (see Configuration 5) and the aperiodic CSI reporting associated to these two aperiodic CSI-RS resources cannot be active simultaneously. It implies that under Configuration 5, the periodic CSI reporting is no longer supported and the CSI feedback only relies on the aperiodic CSI reporting at the cost of the additional DL signaling.
Table 3: Examples of active CSI-RS resources under the restriction of the reported capability of {1,16}
	
	Band A
	Band B
	Support/ not

	Configuration 1
	P CSI-RS: {1, 16}
	N/A
	Yes

	Configuration 2
	N/A
	P CSI-RS: {1, 16}
	Yes

	Configuration 3
	P CSI-RS: {1, 8}
	P/AP CSI-RS: {1, 8}
	No, over the UE hardware capability

	Configuration 4
	AP CSI-RS: {1, 8}
	P CSI-RS: {1, 8}
	No, over the UE hardware capability

	Configuration 5
	AP CSI-RS: {1, 16}
	AP CSI-RS: {1, 16}
	Yes



· Candidate 3: Band A+B: {2, 12} 
From Table 3, we can see that in inter-band CA, the NW cannot configure16-port CSI-RS on Band A/B. It implies that the CSI reporting based on 16-port CSI-RS resource on Band A/B is not supported in inter-band CA, even when only the CCs in the single band are active. Therefore the peak rate in inter-band CA will be limited due to the rough CSI feedback.
Table 4: Examples of active CSI-RS resources under the restriction of the reported capability of {2,12}
	
	Band A
	Band B
	Support/ not

	Configuration 1
	P/AP CSI-RS: {1, 4}
	P/AP CSI-RS: {1, 8}
	Yes

	Configuration 2
	P/AP CSI-RS: {1, 8}
	P/AP CSI-RS: {1, 4}
	Yes

	Configuration 3
	AP CSI-RS: {1, 12}
	AP CSI-RS: {1, 12}
	Yes

	Configuration 4
	P/AP CSI-RS:{1, 16}
	N/A
	No, over restriction on UE capability

	Configuration 5
	N/A
	P/AP CSI-RS:{1, 16}
	No, over restriction on UE capability



From the above discussion for the candidates, we can see that there are some configurations are precluded or over the exact UE capability, due to the mismatch between FG2-33 and FG2-36/40/41/43.

Observation 2: FG2-33 alone cannot address the issue of Observation 1 since the limitation of FG2-33 may lead to the CSI reporting configuration outside of UE capabilities or the system performance loss.
Proposal 
From the above discussion, we can see the band-specific UE capability of codebookParameters causes the mismatching between the reported list of supported CSI-RS resources and the actual UE capabilities on the supported CSI-RS resources. And the reported FG2-33 in current spec cannot serve as the capability envelope of FG2-36/2-40/2-41/2-43 and therefore cannot address the above issue.
We make the following proposal:
Proposal: RAN1 sends a LS to RAN2 informing issues/limitations of Rel-15 FG2-36/2-40/2-41/2-43 in the inter-band CA.
Conclusion
In this contribution, we propose to clarify the interpretation on UE capabilities of maxNumberResourcesPerBand and totalNumberTxPortsPerBand in TS 38.306. We made the following observations:
Observation 1: the list of supported CSI-RS resources in codebookParameters with a per-band manner may induce the mismatching between reported and actual capabilities over UE CSI computation for the case of inter-band CA.
Observation 2: FG2-33 alone cannot address the issue of Observation 1 since the limitation of FG2-33 may lead to the CSI reporting configuration outside of UE capabilities or the system performance loss.
Based on above observation, we propose:
Proposal: RAN1 sends a LS to RAN2 informing issues/limitations of Rel-15 FG2-36/2-40/2-41/2-43 in the inter-band CA.
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