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Description of issues

Two types of CSI reporting are supported in Rel.13 EBF/FD-MIMO: termed ‘nonPrecoded’ and ‘beamformed’ type in TS36.331 (also called CLASS A and CLASS B in the current version of TS36.213 [1] – subject to correction).  Depending on the number of CSI-RS resources K, the ‘beamformed’ type permits two different operations termed cell-specific BF CSI-RS (K>1) and UE-specific CSI-RS (K=1). 

When more than one CSI processes are configured for a particular UE, there is a chance that two or more periodic CSI reports collide in a subframe. Therefore, if at least one of the CSI processes is configured with ‘nonPrecoded’ type and at least another CSI process with ‘beamformed’ type, there is a chance that CSI reports associated with ‘nonPrecoded’ type collide with those associated with ‘beamformed’ type. The current version of TS36.213 handles collision among multiple CSI processes with the following priority rule in Section 7.2.2   [3]:     

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-ProcessId-r11 are dropped. 

Essentially, only CSI reports associated with the CSI process of the lowest csi-ProcessId-r11 is reported. 

One important use case of these two types of CSI reporting which has been discussed and addressed during the Rel.13 SI and WI is the so-called hybrid CSI-RS. That is, ‘nonPrecoded’ type is used concurrently with ‘beamformed’ type. In this case, an eNB can configure a UE with two CSI processes – one configured with nonPrecoded type, the other with K=1 beamformed type. The ‘nonPrecoded’ type reporting is used to provide the eNB with a precoder recommendation derived from an “uncompressed” CSI measurement which consists of three PMI parameters (). This precoder recommendation is then utilized by the eNB to beamform CSI-RS associated with the second CSI process. 

Therefore, the first CSI process is primarily used to aid the second CSI process where UE-specific beamforming is applied to CSI-RS. As the UE measures a smaller number of CSI-RS ports than that of the first CSI process, the UE reports CSI from a single-PMI codebook in Tables 7.2.4-18, 19, and 20. Since beamforming on CSI-RS is applied at a lower rate than that on data transmission, it is expected that CSI reporting associated with ‘nonPrecoded’ type is configured at a significantly lower feedback rate than the one associated with ‘beamformed’ type (see, e.g. [2]).  

If collision occurs between a CSI process with ‘nonPrecoded’ type and another CSI process with ‘beamformed’ type, the CSI process with ‘nonPrecoded’ type should be prioritized since its associated CSI reports are fed back much less frequently. If a ‘nonPrecoded’ CSI report is dropped due to collision, the eNB ends up using a stale CSI report. This hampers the performance of UE-specific BF CSI-RS (which results in some loss in beamforming gain and thus CSI-RS coverage).

Unfortunately, the current priority and dropping rule does not guarantee this behavior. Multiple CSI processes can be used for various other purposes (e.g. carrier aggregation, CoMP, interference measurements). Thus, assigning a lower csi-ProcessId-r11 to a CSI process with ‘nonPrecoded’ type may be infeasible in a number of deployment scenarios. This will reduce the utility of UE-specific BF CSI-RS especially for FDD.
 
Observation: With the current priority and dropping rules, unnecessary performance and coverage losses can occur on UE-specific BF CSI-RS when collision occurs between a CSI process configured with ‘nonPrecoded’ type and another CSI process configured with one-resource ‘beamformed’ type.


Proposed changes

A simple solution to the above problem is to introduce an addition on the above priority and dropping rule. 

A description based on the current version of TS36.213 is as follows: 

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell, the CSI reports corresponding to different CSI processes, at least one CSI process configured with higher layer parameter CSI-Reporting-Type and CSI-Reporting-Type is set to ‘CLASS A’, and at least one other CSI process configured with higher layer parameter CSI-Reporting-Type and CSI-Reporting-Type is set to ‘CLASS B’ with one configured CSI-RS resource, the CSI reports corresponding to all CSI processes except the CSI processes with ‘CLASS A’ CSI-Reporting-Type  are dropped. 

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-ProcessId-r11 are dropped. 

A description after aligning the names and values of RRC parameters in 36.213 with 36.331 is as follows (see [3]):


[bookmark: _GoBack]For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell, the CSI reports corresponding to different CSI processes, at least one CSI process configured with higher layer parameter eMIMO-Type-r13 and eMIMO-Type-r13 is set to ‘nonPrecoded’, and at least one other CSI process configured with higher layer parameter eMIMO-Type-r13 and eMIMO-Type-r13 is set to ‘beamformed’ with one configured CSI-RS resource, the CSI reports corresponding to all CSI processes except the CSI processes with ‘nonPrecoded’ eMIMO-Type-r13  are dropped. 

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-ProcessId-r11 are dropped. 


The additional rule results in the following behavior:
· When collision occurs, CSI reports associated with K=1 ‘beamformed’ type (or ‘CLASS B’ with one CSI-RS resource in the current version of TS36.213) are assigned lower priority over those associated with ‘nonPrecoded’ type (or ‘CLASS A’ in the current version of TS36.213). Therefore, such CSI reports will be dropped.
· After dropping CSI reports associated with K=1 ‘beamformed’ type, the remaining CSI reports associated with ‘nonPrecoded’ type – if there are more than one left – will be treated by the next priority rule. That is, the CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-ProcessId-r11 are dropped.

Proposal: Add another priority rule which prioritizes CSI reports associated with CSI processes configured with ‘nonPrecoded’ type over those with one-resource ‘beamformed’ type.
· A draft CR is provided in [4]
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