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1 Introduction
With support of multiple CSI for CoMP, some restriction on CSI measurement complexity seems to be needed. Many contributions to the previous meeting raised this concern [1]-[6]. The chairman notes from RAN1 #69 are copied below,
Working assumption:

· 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

2 UE complexity with Multiple CSI
With configuration of multiple CSI, the overall complexity for the UE link adaptation is related to 

i) The total number of link adaptation measurements configured and
ii) The total number of simultaneous link adaptation processes to be supported over a certain time
The first aspect is related to the total number of CSI processes/configurations that are setup for the UE including aperiodic and periodic feedback. A UE receiver, depending on implementation could measure, store and periodically update the channel and interference measurements as the CSI-RS and IMR are available. In this case, the UE impact is mainly related to the memory requirement and power consumption, which is not a significant concern.

The second aspect is related to the maximum number of pending CSI that are waiting to be reported within a certain time. Either parallel computation of multiple CSI must be performed, or some kind of serial implementation must be used. This could restrict some implementation flexibility at the UE (e.g, software configurability of link adaptation) and in general increase the gate-count in a receiver. Or it could result in a trade-off of accuracy of CSI (e.g by suboptimal sampling of the channel).
Based on the above observations, clearly the UE complexity should be limited to a reasonable number of UE CSI measurements at a time, while allowing the network to flexibly configure multiple CSI feedback that improve the network performance. One of the main goals of CoMP in Release-11 is to provide good support for DPS/DB and transparent JT schemes, with dynamic switching based on multiple CSI measurements and feedback. Evaluation results have shown the benefit of supporting a maximum of three CSI configurations [1] [2] [3].
On the other hand, multiple CSI feedback could also correspond to different serving cells and/or different subframe subsets in addition to different CSI-RS+IMR configurations. The maximum number of potential configurations could be as large as 5x3x2 = 30 configurations. Clearly, it is very unlikely that a network will benefit from or configure such a large number of CSI processes, so certain limits must be clearly defined to provision the baseband implementation at the UE. To be consistent, we will refer to CSI corresponding to the trio (serving cell, CSI configuration, CSI sub-frame subset) as a CSI process.
If the measurements are configured with sufficiently low periodicity and appropriate offsets between reports, then the UE receiver need not support simultaneous measurements of many CSI processes within a short timeframe. However, the timing configuration of different CSI processes is completely flexible and there is currently no limit on the number of them that can be simultaneously configured. Optimizing or defining new timing configuration at this stage to achieve this purpose may not be trivial considering the number of different combinations of configurations, the potential testing complexity, and the limited timeframe for specification of remaining details of Release-11.
Observation

i) The number of simultaneous CSI measurements to be supported must be lower than a certain fixed number.

ii) The actual number of CSI processes setup (e.g., 2 or 3) is not the bottleneck for UE implementation.

iii) Considering subframe subsets and multiple serving cells, the number of simultaneous measurements could be even larger
We discuss some simple scenarios which could result in significant UE complexity.
1.1 Aperiodic PUSCH CSI reporting
In aperiodic reporting, a UE is requested CSI using CSI_request field in an uplink grant. The corresponding uplink transmission takes place after four subframes (in FDD). Further, a network may request feedback for an arbitrary number of CSI processes. The CSI subframe subset corresponding to an aperiodic request is implicitly related to the subframe with UL grant. i.e., the feedback should correspond to the subframe subset of the subframe with the UL grant. So, hypothetically speaking, an aperiodic request can request feedback up to a maximum of 3*5*1 = 15 CSI processes. This number could change depending on further discussions in RAN1 for CA and CoMP configuration, but there seems to be significant support for a combination of serving cell and CoMP CSI configuration in a single aperiodic request.
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Figure 1 - Aperiodic reporting with multiple CSI
In the figure shown above, over a window of length 4 (n+1 to n+4), a UE has to process as many as 30 CSI processes (assuming n and n+1 correspond to different subframe subsets). Again, it is highly unlikely that a network would setup or benefit from such large amount of feedback. Nevertheless, the UE implementation must be able to support the worst case increase in complexity and be designed for this purpose. The implementation complexity and cost can be optimized if some restrictions are known for the UE design.
1.2 Periodic PUCCH CSI reporting
Similar examples can be found with periodic reporting, as shown below. With periodic CSI, multiple CSI reports may collide in a subframe, in which case, the collision can be handled so that some P-CSIs are transmitted and others are dropped. As illustrated in the figure, at sub-frame n-n_cqi-ref(n), which corresponds to reference sub-frame for CSI corresponding to P-CSI to be transmitted in subframe n, there are five pending P-CSI processes. In other words UE has five ongoing CSI computations.
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Figure 2 - Periodic reporting with multiple CSI processes
One advantage with periodic CSI reports is that a UE receiver can foresee such situation and perform some optimization. Nevertheless, it is preferable to limit number of parallel CSI computations at an UE receiver.
One simple approach is to define a maximum limit on the total number of CSI processes that can be supported by the UE at a time. This would serve as a very clear baseline for UE implementation. Any additional configured CSI processes can be dropped or left to UE behavior. Further, this would still allow network implementation to configure CSI processes and timing parameters in a flexible manner. If at a given time the maximum limit is met, then the UE is behavior can be left unspecified, i.e., it is not required to meet CSI reporting requirements in these situations. Another possibility is to drop incoming report requests when the UE CSI reporting queue is full. This can be accomplished by dropping the most recent reports only until the UE CSI reporting queue is below the limit. Other dropping behavior can also be considered. 
Observation
· The support for reporting multiple CSIs processes could result in some situations that require very high computational complexity at the UE

Proposal

· Constraints on UE complexity are needed when multiple CSI processes are configured, i.e., a UE is not required to support more than a fixed number of CSI processes at a given time.
· Consider simple dropping rules or leave UE behavior unspecified in such cases.
3 Conclusions
In this contribution, we discussed situations where the fully flexible multiple CSI configuration could lead to significant complexity for the UE. We have the following proposals based on the discussion.

Observation

i) The number of simultaneous CSI measurements to be supported must be lower than a certain fixed number.

ii) The actual number of CSI processes setup (e.g., 2 or 3) is not the bottleneck for UE implementation.

iii) Considering subframe subsets and multiple serving cells, the number of simultaneous measurements could be even larger
Proposal

· Constraints on UE complexity are needed when multiple CSI processes are configured, i.e., UE is not required to support more than a fixed number of CSI processes at a given time.

· Consider simple dropping rules or leave UE behavior unspecified in such cases
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