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1. Introduction
In RAN1#70 meeting, the following agreement was achieved regarding the aperiodic CSI reporting if CSI subframe sets CCSI, 0 and CCSI, 1  are configured: 
· For an aperiodic CSI report of a configured CSI process, the CSI subframe set (one of CCSI,0 or CCSI,1) is determined based on the reference resource associated with the CSI request

· If the timing of the reference resource becomes different from the timing of the associated CSI request, FFS whether the CSI subframe set is instead determined based on the subframe in which the associated CSI request is received. 

· For this aperiodic CSI report, the UE measures interference solely on IMR occurrences in subframes that are contained in the above CSI subframe set. 

In this contribution we discuss the implication the above point for further study has on the CSI processing complexity. The two options for how to determine the subframe sets are analyzed and compared. 
2. Processing Load in Case of Subframe set Configuration
As pointed out in the companion contribution [1], a key point to further address the peak processing load for CSI report is to adapt the minimum time difference between the CSI reporting instance and the associated CSI reference resource. In order to limit the peak CSI processing load when a UE is configured with multiple CSI processes, the following proposals have been suggested: 

1)    The valid CSI reference resources of a CSI process of a component carrier are periodically occurring with a periodicity of 5ms.  
2)    For both periodic and aperiodic CSI reporting in subframe n, the CSI reference resource, of a CSI process of the component carrier, is the first valid CSI reference resource occurring on or prior to subframe n–6.
3)    At most 4 CSI processes per component carrier is supported.

This is illustrated in Figure 1. It is assumed that the valid CSI reference resources are periodic with 5 subframes and occur in subframe n=0, 5, 10, 15 …etc. An aperiodic CSI request (trigger) is received in subframe n=7 and the corresponding CSI report is transmitted subframe n=11.  The valid CSI reference resource is located in subframe n=5, which provides two subframes for CSI processing even before the trigger. If subframe sets are configured, in the case illustrated in Figure 2, how to determine the subframe set requires investigation. 
We first clarify the details about to what degree UE computes CSI report before and after the reception of an aperiodic trigger. There are certainly processing aspects that the UE can/must compute regardless if it actually receives a trigger for the CSI or not, such as channel/interference estimation, etc. Other aspects such as CQI computation and PMI may only be computed in case a trigger is actually received. For the discussion herein, we therefore classify the CSI processing in two types:
       Type 1: Processing the UE performs, regardless if it receives an aperiodic trigger or not.  For this processing type, the timing of the trigger is irrelevant from processing load point of view. 
Type 2: Processing the UE only performs after the reception of the trigger. This processing type reduces the battery waste that is used to compute CSI when no trigger is received. 
The partitioning of the CSI processing between Type 1 and 2 is a UE implementation choice, which poses a trade-off between the potential power consumption when no trigger is received and the peak processing load after a trigger is received. For the remainder of this contribution we only consider the peak processing load of the Type 2 processing of the CSI, which will be impacted by the particular choice of how to trigger reporting for different subframe sets.

In the following, we consider and compare two options for determining which the subframe set to report CSI for:
Baseline triggering: based on the CSI reference resource that is associated with the trigger. This option represents the Rel-10 specification, where it is explicitly captured that it is the CSI reference resource that determines the subframe set, and should therefore be considered the baseline alternative. 

Alternative triggering: based on the subframe in which the trigger is received. This option is intended for the scenario that subframe sets are configured.
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Figure 1. An example of limiting peak CSI processing load when UE is configured with multiple CSI processes

2.1. Baseline Triggering
In the worse case, aperiodic CSI trigger can be transmitted in every subframe. When subframe sets are configured, CSI computation is based on the measurements of the IMRs that are contained in the CSI subframe set linked to the CSI report. The CSI subframe set can be determined by the CSI reference resource that is linked to the trigger, as specified in Rel-10. As illustrated in Figure 2, valid CSI reference resources occur in subframes n=0, 5, 10, 15 …etc, in which IMRs and NZP CSI-RS are aligned with the 5ms reference resource grid. Subframe 0, 10 and 15 are non-ABS while subframe 5 is ABS (“A” for ABS and “N” for non-ABS in the figure). It is assumed that three triggers are received in consecutive subframes 11, 12 and 13, which are configured in different subframe sets. For trigger subframe n, the CSI report is computed based on the reference resource occurring on or prior to subframe n -2. Hence, trigger subframe 12 (non-ABS) and 13 (ABS) are linked to the reference resource in subframe 10 (non-ABS). The trigger received in subframe 13 is redundant since the CSI reports transmitted in subframe 16 and 17 are based on the same reference resource. The CSI report computation triggered in subframe 11 is based on the reference source in subframe 5. It can be seen that, within the available processing time from subframe 12 to 15, computation of 4*2=8 CSI processes are required. The average processing load is 2 CSI processes per TTI.  

[image: image2]
Figure 2. An example of baseline triggering with three consecutive triggers received
Observation: 

· If CSI subframe set is determined by the CSI reference resource that is linked to the trigger, when three triggers are received in a period of 5ms, Type 2 processing of at most 2 CSI processes per TTI need to be computed.. 
2.2. Alternative Triggering

Alternatively, if the subframe set is determined by the subframe in which the trigger is received (the trigger subframe), then UE would have to trace back to the IMR contained in one of previous reference resources for CSI computation. This may result in significant increase in UE processing load in the case of consecutive trigger subframes. As illustrated in Figure 3, where the same ABS/non-ABS pattern is used as in Figure 2, the trigger subframe 11 and 12 are linked to the reference resources in subframe 0 and 10 (both non-ABS), respectively. Meanwhile, the trigger subframe 13 has to be linked to the reference resource in the ABS subframe 5.  Given that configuration of 4 CSI processes is supported, computation of 4*3=12 CSI processes are required within 5ms available processing time, which is from subframe 12 to 16. Averagely, the processing load is 2.4 CSI processes per TTI. Furthermore, the CSI report, which is triggered in subframe 11 and computed using the reference resource in subframe 0, will be transmitted in subframe 15. The time from the reference resource to the time of report is as many as 15 subframes, which is undesirable for CSI feedback. 

Observation: 

· If CSI subframe set is determined by the subframe in which the trigger is received, it may incur significant increase in UE processing load. For instance, when three triggers are received in a period of 5ms, Type 2 processing of at most 2.4 CSI processes per TTI need to be computed. 


[image: image3]
Figure 3. An example of alternative triggering with three consecutive triggers received

Based on the above observations we conclude that if the trigger (and not the CSI reference resource) determines the subframe set, in the above example, there will be a 20% increase in peak Type 2 processing load per TTI. It is our view that such a large increase in computational complexity cannot be motivated by a slightly more flexible ABS configuration options.
Proposal: 

· The UE complexity aspect should be carefully considered in case the subframe set determination is to be changed from the Rel-10 behavior.
3. Conclusion

In this contribution, we have discussed the peak CSI processing load in the cases that the CSI subframe set is determined based on the CSI reference resource linked to the trigger and the trigger subframe. We observe that the latter case incurs significant increase in peak processing load (20% more Type 2 CSI processing per TTI in the given example). Hence, our view is that, it is not worth optimizing the subframe set configuration in the cost of significant increase of UE processing burden. 
Proposal: 

· The UE complexity aspect should be carefully considered in case the subframe set determination is to be changed from the Rel-10 behavior. 
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