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Introduction
[bookmark: _Ref129681832]In this contribution, we focus on Question 3 in LS from RAN2 [1] and provide our viewpoint on CSI-RS capabilities (FG 2-33/36/40/41/43).

The “under-reporting” issue on FG 2-36/40/41/43
In R15, UE can report supportedCSI-RS-Resource to indicate the supporting codebookParameters including {, , } (Component 1) across all CCs in a band, where  is maxNumberTxPortsPerResource, is maxNumberResources, and is totalNumberTxPorts. During email discussion, RAN1 recognized and acknowledged the issue of possible “under-reporting” based on above UE capability signaling. Specifically, in the case of inter-band CA, a UE will always assume the worst case, i.e. the UE will be scheduled to conduct CSI measurement/reporting over all CCs from all bands simultaneously (at any slot) and therefore it will report  conservative values in codebookParameters per band in Rel-15.
To achieve a better tradeoff between NW implementation and UE CSI processing, RAN1 have sent the LS in [2] to RAN2 whereas RAN1 has recommended to introduce new per band capability signaling and per BC capability signaling for Component 1 of FG 2-36/40/41/43 in addition to existing per band capability. 

Discussion on Question 3 in [1]
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Q3 in [1]: indication of maxNumberTxPortsPerResource in a per BC manner
In the RAN1 LS it is stated that “To address above issue, RAN1 has agreed to recommend to introduce new per band capability signaling and per BC capability signaling for component 1 of FG2-36/2-40/2-41/2-43”. The component 1 of FG2-36/2-40/2-41/2-43 contains maxNumberTxPortsPerResource. Currently RAN2 had no consensus to whether to introduce maxNumberTxPortsPerResource per BC. Without this additional field, the number of ports for each resource would be determined based on the values indicated for the band on which the resource is configured, like in Rel-15 signaling (given in the existing per-band signaling). See Annex A for an example. RAN2 would appreciate if RAN1 could provide feedback if this structure does not serve the intended purpose

Assuming that a UE only reports {, } per BC, and then “the maximal number of ports for each resource would be determined based on values indicated for the band on which the resource is configured”, the gNB may exceed the CSI processing capability of UE in our view. The UE has to be conservative again so that the issue of “under-reporting” remains. Further elaboration is given as below.    
· Starting from {, , } per band in Rel-15, the principle of counting 2-36 (Type I codebook) in Rel-15 is that the gNB will determine the maximal number of ports per resource across all CSI-RS resources configured for CSI reporting per slot. For example, if CSI-RS resource #1 has 16 ports and CSI-RS resource #2 has 8 ports in Band B, then the maximal number of ports per resource across two resources is 16. The gNB will find a triplet with {}, which is {, =2, } in Band B, in order to determine associated values of {=2, }. From the signaling perspective, {,,} are also supported by the UE without additional signaling. However, other cases, e.g. {,,}, still need additional UE capability signaling by the list and the gNB shall not make any assumption for potential tradeoff among parameters {, , }. 

From UE perspective, {, , } generally represents three different aspects of PMI searching complexities which are fully coupled with each other.  is to determine the upper bound of the number of ports per measurement assuming subband reporting and a certain codebook type like Type I.  is to determine the upper bound of simultaneous measurements per slot for that codebook.  is to determine possibly trade-off among simultaneous measurements per slot, e.g.  or .
· The motivation of new per BC signalling is to allow UE to share the CSI processing capability among all bands in a BC. The principle of counting 2-36 parameters (Type I codebook) remains the same, for both granularities of per band and per BC in Rel-16. In other words, the former is to count across all CCs in a Band and the latter is to count across all CCs and all bands. 
· Using the example in Appendix
· Band A: 5 resources with 2 ports each ({2, 5, 10})
· Band B: 2 resources with 8 ports each ({8, 2, 16})
· The maximal number of ports per resource across all bands (across Bands A and B) of this example is =8. Based on Band B capability with {,, =32}, the UE does not expect to handle 7 CSI-RS resources/reporting because . Therefore in our understanding, it is very likely that above example has exceeded actual UE capability, i.e. {,,} with respect to Band B cannot be assumed by default across bands. 
· Moreover, following current design with {,} per BC for Band A + B, a commercial UE is unlikely to report large values. Assuming that the UE processing capability is limited by =16 for Band A+B, similar with Band A or Band B alone. The worst case, from the UE perspective, is that the UE may assume 
· Band B with a CSI-RS resource with 16 ports (the largest supported # of ports per resource at Band B) and Band A with a CSI-RS resource with 2 ports (the largest supported # of ports per resource at Band A) so that no room is left for additional resources. 
· Band B with two CSI-RS resources each with 16 ports so that no room is left for Band A. 
· Note that the assumption that Band B will use a CSI-RS resource with 16 ports always is too conservative and unnecessary for inter-band CA. But without the parameter  per BC, the UE has no other choices.
Therefore the UE is likely to report {, =32} per BC. But what the situation becomes complicated/odd is that the value of  per BC (for Band A + Band B) is much less than that for Band A alone, i.e. {, , =16}, or for Band B alone, i.e. {, , =32}. The main reason/discrepancy is due to different design principles for granularities of per band or per BC, which leads to inconsistent counting principles of 2-36 parameters so as to UE assumption of the worst cases for capability reporting.  

In summary a list of supported combinations/triplets for each codebook, whereas each combination is a triplet of {, , }, shall be signaled to gNB with a granularity of per BC in Rel-16, in addition to a granularity of per band.    

Proposal: A list of supported combinations for each codebook, whereas each combination is a triplet of {maxNumberTxPortsPerResource, maxNumberResources, totalNumberTxPorts}, shall be signaled to gNB with a granularity of per BC.

Conclusion

In this paper, we discuss Question 3 in [1] and make the following proposal:

Proposal: A list of supported combinations for each codebook, whereas each combination is a triplet of {maxNumberTxPortsPerResource, maxNumberResources, totalNumberTxPorts}, shall be signaled to gNB with a granularity of per BC.
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Annex A in [1]
BandNR: 
  Band A: [
    maxNumberTxPortsPerResource = 2
    maxNumberResourcesPerBand = 8
    totalNumberTxPortsPerBand = 16
  ]
  Band B: [
    maxNumberTxPortsPerResource = 4
    maxNumberResourcesPerBand = 8
    totalNumberTxPortsPerBand = 32
  ], [
    maxNumberTxPortsPerResource = 8
    maxNumberResourcesPerBand = 4
    totalNumberTxPortsPerBand = 32
  ], [
    maxNumberTxPortsPerResource = 16
    maxNumberResourcesPerBand = 2
    totalNumberTxPortsPerBand = 32
  ]

BandCombination: A+B [
    maxNumberResourcesPerBC = 8
    totalNumberTxPortsPerBC = 32
  ]

When the NW configures a cell on Band A and one on Band B, it could e.g. configure...
Band A: 5 resource with 2 ports each (i.e., 10 ports in total on this band) (allowed by bold Band A entry)
Band B: 2 resource with 8 ports each (i.e., 16 ports in total on this band) (allowed by bold Band B entry)
The resulting configuration would hence have (5+2=)7 resources and (10+16=)26 ports in total (allowed by A+B entry) – this would be allowed according to maxNumberResourcesPerBC and totalNumberTxPortsPerBC . 
Some companies think that in addition to maxNumberResourcesPerBC and totalNumberTxPortsPerBC, the max ports per resource is also limited for a BC (maxNumberTxPortsPerResource), for instance 4 ports per resource in the above example of A + B. That means when configured according to A+B, no resource shall have more than 4 ports per resource. The resulting configuration would hence only have 4 ports per resource. 

