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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 a 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

The peak CSI processing load constraints were further discussed in RAN1#70, and a joint way forward by UE and chipset vendors [1] was presented. 

The key two design goals of the way forward is to ensure that

· a single CSI processes does not have to be re-evaluated within a 5 ms time window

· at least 5 ms of processing time is available for a given CSI processes between the relevant measurement and the time of reporting. 
The 5ms was chosen as to align with the periodicity of the NZP CSI-RS and the IMRs and thereby the processing time is aligned with the periodicity of the CSI-RS/IMRs in case of CoMP.

In this contribution we discuss how the solution proposed in the joint way forward [1] achieves these design goals, while maintaining minimal performance impact in case CoMP is not configured. Moreover, minor modifications to the way forward proposal are presented to account for concerns and feedback raised in the subsequent discussions.

2. Limiting the Peak CSI Processing Load
The joint proposal in [1] for reducing the peak CSI processing load is based on modifying the CSI reference resource the determining of the CSI reference resource of a CSI process to make it better align with the received IMRs and NZP CSI-RSs. Note that 

· the CSI reference resource of a CSI report is the subframe for which the channel state information represents.
In Rel-8, the CSI reference resource is determined by the first valid CSI reference resource prior, or on, subframe n-4, where n is the subframe the UL report is transmitted. 
2.1. How often does a report of a CSI process have to be updated?
The first design goal in the joint way forward [1], 

“a single CSI process does not have to be re-evaluated within a 5 ms time window”, 

is achieved by imposing the constraint that the valid CSI reference resources are only occurring every 5 ms. By limiting the CSI reference resources to fall on this grid, there will be 5 consecutive subframes in which all received aperiodic CSI triggers of a CSI process will all refer to the same CSI reference resource, and hence correspond to the exact same channel/interference state of that subframe. 

This will ensure that during this time interval the UE does not need to reevaluate a CSI process. Moreover, we propose that the grid of valid CSI reference resource are aligned with the IMRs configured for the UE, to ensure that the interference measurement utilized for the reporting is minimally delayed; and in fact is the same as if every subframe was a valid CSI reference resource.

Observation:

· By aligning the grid of valid CSI reference resources with the IMRs, the delay of the interference measurement to the time of the reporting, remains unchanged relative every subframe being a valid CSI reference resource. 

Proposal:
· In case one CSI Process is configured for a component carrier, 

· the valid CSI reference resources are determined as in Rel-10, for all CSI processes, of that component carrier

· In case two or more CSI Processes are configured for a component carrier,

· The valid CSI reference resources of a CSI process of that carrier are periodically occurring with a periodicity of 5ms 
· The valid CSI reference resource subframe offset is determined by the offset of the IMR configured for the CSI Process
By current agreements all IMRs configured for one UE on a particular component carrier shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration. This guarantees that the valid reference CSI resources of all CSI Processes (of a component carrier) all coincide. 

Some concerns have been raised that a NZP CSI-RS may be received in the interval between the CSI reference resource and the time of reporting, since the NZP CSI-RS is independently configurable relative the IMR. This would potentially allow a UE to improve the channel estimation in the CSI reference resource by interpolation, which in turn potentially allows a UE to improve the CSI report for an aperiodic trigger received sufficiently late. 

However, we note that this was the case already in Rel-10, where a UE potentially could improve the channel estimation by utilizing NZP CSI-RS transmissions received after the CSI referenced resource (i.e., in the tree intermediate subframes between the CSI reference resource and UL reporting subframe). However, a UE implementation is never required to utilize such late NZP CSI-RS transmissions, since that time is reserved for processing the CSI report. The performance requirement in RAN4 is set accordingly, so that they may be passed without utilizing measurements after the CSI reference resource.
Moreover, a configuration where the IMRs and the NZP CSI-RS are not occurring on the same 5ms subframe grid should be considered a highly impractical configuration that a UE implementation would not spend any effort optimizing for or RAN4 spend any effort testing for. The IMRs and the NZP CSI-RS would be aligned on the same grid for the following primary reasons: 
· Minimized legacy impact

· The limitation of a single subframe offset of the ZP CSI-RS effectively constrains the NZP CSI-RS and the IMRs to that same subframe offset (modulo 5 ms). 
· By current agreements, all IMRs configured for a UE are constrained to the same 5ms periodic grid (which in practice must be the same as that of the NZP CSI-RS to allow for muting in the IMRs)

However, if there is remaining concerns that a UE may have to optimize for such a corner case, we may send an LS to RAN4 to clarify.

Proposal:

· Consider clarifying in an LS to RAN4 that it is RAN1’s view that a UE is not required to utilize measurements received in subframes after the CSI reference resource.
2.2. The time from a CSI reference resource to the time of reporting
The second design goal in the joint way forward [1], 
“at least 5 ms of processing time is available for a given CSI processes between the relevant measurement and the time of reporting”,

is achieved by increasing the minimum time between the subframe of reporting CSI, and the associated reference resource. By extending the distance so that the CSI referenced resource occurs at least 6 subframes prior to the reporting instance (compared to 4 in Rel-8), the intermediate 5 subframes will be available for processing (compared to the 3 subframes in Rel-8). This will allow the terminal to distribute the CSI processing throughout this interval.
 Proposal:

· In case one CSI Process is configured for a specific component carrier, 

· the CSI reference resources are determined as in Rel-10, for all CSI processes of that component carrier

· In case two or more CSI Processes are configured for a component carrier,

· For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource, for a CSI process of that component carrier, is the first valid CSI reference resource occurring on or prior to subframe N-6
2.3. 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. As we further discuss in [4], 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: 
· At most 4 CSI processes per component carrier is supported.
· Alternatively we can make the supported number of CSI processes a UE capability
3. Conclusion

Herein we propose a design for reducing the CSI processing complexity that achieves the following two key design goals:

· a single CSI processes does not have to be re-evaluated within a 5 ms time window

· at least 5 ms of processing time is available for a given CSI processes between the relevant measurement and the time of reporting. 
Proposal:

· In case one CSI Process is configured for a component carrier, 

· the valid CSI reference resources are determined as in Rel-10, for all CSI processes, of that component carrier

· In case two or more CSI Processes are configured for a component carrier,

· The valid CSI reference resources of a CSI process of that carrier are periodically occurring with a periodicity of 5ms 
· The valid CSI reference resource subframe offset is determined by the offset of the IMR configured for the CSI Process
· For both periodic and aperiodic CSI reporting in subframe N, the CSI reference resource, for a CSI process of that component carrier, is the first valid CSI reference resource occurring on or prior to subframe N-6

· At most 4 CSI processes per component carrier is supported.
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