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1. Introduction
In RAN1#69, the following was taken as a working assumption regarding the CoMP measurement set size and the CSI processing load of UE:

· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources

· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is

In this contribution we recognize that letting the UE processing requirements be adaptive, depending on the configured number CSI processes, serves as a useful tool in order to optimize the tradeoff between the maximum number of parallel CSI processes and the minimal processing time per CSI process.  
2. Limiting the Peak CSI Processing Load
As previously identified in [1]-[2] measures should be taken to ensure that the peak CSI processing requirement in the UE can be dimensioned at a reasonable level. There are three key factors which impact the required peak CSI processing load of a UE

1) The number of parallel CSI processes. 

2) The frequency of how often a report of a CSI process has to be updated.
3) The time from a CSI reference resource to the time of reporting it in the UL.
Observation: 
· Deciding on a fixed set of requirement for each of these key factors independently of the other key factors constitutes an inefficient design of the UE. It would be more efficient to let the set of requirements depend of all the different key factors. 
2.1. The number of parallel CSI processes

The number of parallel CSI processes is roughly linearly proportional to the required CSI processing; a large number of parallel CSI processes will hence imply that a large peak CSI processing will be required. Hence determining the maximum number of allowed CSI Processes (of a component carrier) will effectively limit the fist of the key factors listed above. As we further discuss in [3], four CSI Processes can be used to cover all relevant Tx interference hypotheses for the typical 2 TP scenario, and could be taken as a baseline design target for the number of allowed CSI Processes.
Proposal: 

- Limiting to at most 4 CSI Processes per component carrier could be taken as a baseline design target 

2.2. The frequency of how often a report of a CSI process has to be updated
The frequency of how often the aperiodic CSI triggers are received directly impacts the frequency on how often a new report for a CSI processes is evaluated, which in turn is proportional to the required CSI processing. In order to efficiently limit this frequency we support the idea suggested in [2], where a simple and efficient solution is presented: Essentially it is suggested that only every N:th subframe constitutes a valid CSI reference resource. This will therefore imply that each CSI process does not have to be processed more often than at most once every N subframes, which then will constitute a limit on the second key factor listed above.
Observation: 

· Letting the valid CSI reference resources be periodic as suggested in [2] will limit how often a configured CSI Processes has to be reevaluated.  

Proposal:

· The valid CSI reference resources occur with a periodicity of N subframes

· FFS how to determine periodicity and subframe offset

· One option is to follow the CSI-RS of the channel part of the CSI processes with lowest index
2.3. The time from a CSI reference resource to the time of reporting
Finally, the minimum time difference between a CSI reference resource and the reporting instance of CSI representing that CSI reference resource, will be inversely proportional to the required CSI processing; a short required processing time will require a large peak CSI processing. The processing time allowed for a UE between a measurement and a reporting instance is currently given by the CSI reference resource, which occurs 4 subframes prior to the time frame in which the CSI report is transmitted (or the first valid downlink subframe prior to this instance). This gives the UE three subframes for processing a CSI report, which may be problematic in the case of a large number of parallel CSI processes. The CSI reference resource should therefore allow for more processing time, at least when more than a certain number of CSI processes are configured for reporting. This would hence enable the requirements of the third listed key factor to be adapted depending on the current status of the number of parallel CSI processes, i.e. the first listed key factor, which will provide an efficient tool for optimizing the tradeoff between the maximum number of parallel CSI processes and the minimal processing time per CSI process. 

Observation:
· By adopting the required UE CSI processing time to the number of CSI processes configured to report will enable efficient use of the UE’s processing power. 

Consider the case of the CSI reference resource being four subframes prior to the reporting instance, as in Rel-8 to 10, which incidentally is the same subframe in which an aperiodic trigger of the report is received in the DL. That means that if all CSI processes are triggered, then that only leaves three subframes for processing the CSI between the measurements performed in and prior to the CSI reference resource to the time of reporting.

On the other hand, if the CSI reference resource occurs, for example, 5 subframes prior to the UL reporting subframe, that would increase the minimum processing time to four subframes between measurements in the CSI reference resource before the CSI is to be reported. It should however be noted that the additional subframe for processing occurs before the UE is aware of a downling aperiodic trigger. However, the UE may sill utilize this additional processing time for preprocessing that needs to be evaluated continuously regardless of the actual reporting, such as for channel estimation and for processing of e.g., CSI for periodic reporting.

Increasing the distance to the CSI reference resource to 5 subframes also matches the proposal to make the valid CSI reference resources periodic with e.g., 5ms, since that would always give the terminal 4 subframes for CSI processing corresponding to the intermediate subframes between two valid CSI reference resources in which all CSI processes remain static (i.e, a CSI report would always have the same value). 

For example, assume that the valid CSI reference resource is periodic with 5 subframes and lies at subframes n=0, 5, 10, … , etc. For the case when only one CSI process is configured to be reported this would imply that a received aperiodic trigger at subframe n=5 will allow the UE to conduct processing in the next 3 subframes (i.e. n=6, 7 and 8) and then transmitting the report in subframe n=9, this is illustrated in Figure 1(a). 


[image: image1]
Figure 1.  (a) An aperiodic trigger is transmitted in the 5:th subframe in the case when only one CSI process is configured to be reported. (b-c) Many CSI processes are configured for reporting and an aperiodic trigger is transmitted (b) in the 5:th subframe, or (c) in the 6:th subframe.

If instead a larger set of CSI processes are configured the required time from a CSI reference resource to the time of reporting it in the UL could be extended from 4 to 5 subframes, which in the example above would imply that a received aperiodic trigger in n=5 would result in a report representing subframe n=0, see Figure 1(b). Instead, to represent subframe n=5, the earliest instance in which the eNodeB could trigger an aperiodic report is in subframe n=6, in which case the UE should transmit its report in subframe n=10, as shown in Figure 1(c). However, the CSI reference resource will be located at subframe n=5. This will hence provide one extra subframe compared to the previous example, i.e subframe n=6, in which the UE could perform processing of periodic CSI reports, channel estimation etc. In subframes 7-9 the UE can then focus processing the requested CSI reports.  

It should be noted in the example above that the time between receiving an aperiodic trigger and reporting the CSI in the UL are the same in both examples, it is only the time between the UL reporting and the CSI reference resource that is changed.   
Proposal:

· Address peak processing requirement for CSI reporting by adapting the CSI reference resource when a large number of  CSI processes are configured
· FFS what a large number is, one option being four.
3. Conclusion

In this contribution we have discussed how to limit the peak CSI processing requirement in the UE when it is configured with multiple CSI processes. Our proposals can be summarized as follows:

Proposal:

· The valid CSI reference resources occur with a periodicity of N subframes

· FFS how to determine periodicity and subframe offset

· One option is to follow the CSI-RS of the channel part of the CSI processes with lowest index

· Address peak processing requirement for CSI reporting by adapting the CSI reference resource when a large number of  CSI processes are configured
· FFS what a large number is, one option being four.
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