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1
Introduction

In RAN1#69, the following was taken as a working assumption on CoMP measurement set size:

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

In this contribution we discuss the required constraints to limit the UE processing requirements. In a companion contribution [1] we have addressed the related issue of number of CSI processes (i.e. the “certain number”) and concluded that a maximum of three CSI processes can provide support for most CoMP schemes and scenarios.

2
Limiting UE CSI processing complexity
As explained in [2], the limiting factor regarding UE CSI processing is the available processing time. Currently the processing time is in fact not necessarily limited by the time available from receiving the aperiodic CSI trigger to transmitting the corresponding uplink report [2]. Since an aperiodic CSI trigger may currently be received in every subframe and the corresponding CSI reference resource is the same subframe, the UE may need to be ready to start new CSI processing basically in every subframe, i.e. every 1 ms. Alternatively, the UE needs to include hardware for parallel processing of multiple reports which is also increasing UE complexity. This is illustrated in Figure 1. It is noted that UE can not calculate this CSI beforehand as the CSI should essentially reflect interference seen in the CSI reference subframe, which in case of aperiodic reporting is currently the same subframe in which the CSI trigger is received. By further increasing the number of CSI processes from 1 to N, each CSI calculation unit needs to be N times faster, or alternatively N times the hardware needs to be added to the UE.
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Figure 1. Serial and parallel processing of CSI reports.

Of course, it has to be noted that typical eNB implementations (if any) would never trigger aperiodic CSI reports in every subframe. Hence it also does not seem very practical to require the UE to be able to calculate new CSI in every subframe. Since the UE still has to be implemented for this worst case, in the current LTE system there is a clear overdesign regarding CSI reporting that is only making UE implementation more complex. Clearly this aspect can be relaxed. It is noted that as pointed out in [2], relying only on periodic interference measurement resources (IMR) will not help with the worst case processing time without additional restrictions.
Observations:

· CSI processing complexity is due to the very limited available processing time.

· Processing time is limited by the worst case time between aperiodic reports which is 1 ms.
· Currently each report may require calculation of new CSI since CSI has to reflect the interference seen in the CSI reference subframe.
· This is a clear overdesign that will not be utilized in any typical implementations.
There are basically two approaches to limiting the UE CSI processing complexity: Either the number or complexity of CSI processes is reduced, or the CSI processing time is increased (or both). In principle there are some ways to reduce either the number of CSI processes that the UE needs to process for a specific CSI trigger, or alternatively the complexity per CSI process. One way is to limit the number of CSI processes that can be triggered by a single aperiodic CSI trigger. However, without a full CSI report the usefulness of CoMP may in fact be somewhat limited. It was already agreed in RAN1#69 that a 2-bit CSI request field may be used for triggering of aperiodic CoMP feedback. In the subsequent e-mail discussion, it became apparent that the contents of the field would be RRC-configured sets of CSI processes. As discussed, one practical case for CoMP would be to enable triggering of all CSI processes at once. From this perspective it would be best to rely on other kinds of constraints to reduce the UE complexity.
Other limitations that could be envisioned are for example limitations to the feedback modes. For instance some of the CSI reports could be limited to use wideband feedback modes. Furthermore, restrictions regarding the most complex case of 8 transmit antennas could be thought of, for instance multiple CSI reports would be applicable only for up to 4 transmit antennas and be an optional UE capability for 8 transmit antennas. However such limitations would bring only marginal relaxations in the processing complexity and do not really help with the real problem of having to be able to process full CSI reports every 1 ms.
Rather, the eNB should be allowed to request the full CSI report at once to make full use of CoMP CSI reporting, and a corresponding increase to the available CSI processing time should be introduced. In [2] we discussed some ways of increasing the CSI processing time without any impact on the feedback performance. One way is to restrict the configurability of CSI-RS and IMR such that there is always for example 5 ms between consecutive instances of CSI-RS or IMR that the UE needs to measure [2]. Since the CSI can not change between these instances, the CSI processing time would effectively become limited by the time from the aperiodic CSI trigger to the corresponding uplink report, i.e. the UE would always have roughly 3 ms of time to process the full report. However, since additional restrictions to CSI-RS and IMR configurability are highly undesirable especially considering IMR resource reuse, in [2] it was also proposed as an alternative to limit the subframes that can be considered as valid CSI reference subframes. In [3] it was also proposed to increase the time between the CSI reference resource and the corresponding uplink CSI report from current 4 ms to for instance 6 ms. These two approaches are further discussed in the following.
2.1
Increasing CSI processing time
In Release 10, for transmission mode 9 it was agreed that the CSI reference resource is still the same valid subframe where the corresponding CSI trigger is received, even if the corresponding CSI-RS is located in a different (earlier) subframe. This was basically because interference measurements were still assumed to be based on CRS, and hence the interference can be typically re-measured in every subframe. Thus the CSI reference resource is defined as the subframe 4 ms before the corresponding uplink report. 
Now for Release 11, interference measurement resources (IMR) are introduced. Since the UE will be configured to use an IMR or multiple IMRs rather than CRS for interference measurements when configured to report multiple CSI processes, even new interference measurements can not be obtained every 1 ms. In fact it would make sense for the eNB to only request new CSI after the UE has been able to make new measurements on all CSI-RS and IMR required for the full CSI report. From this perspective the CSI reference subframe could be aligned with the periodicity of CSI-RS and IMR. For instance, every 5 ms there would be only one subframe that can be considered as a valid CSI reference subframe, hence the UE would only be required to compute new CSI every 5 ms. This approach is illustrated in Figure 2. 
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Figure 2. An example of limiting the valid CSI reference subframes. Here the UE will need to (re-)calculate the CSI feedback report only every 5 ms.
Restricting the valid CSI reference subframes to have minimum periodicity of 5 ms would imply that the limiting factor in the CSI processing time would be the time available from receiving the aperiodic CSI trigger to transmitting the corresponding aperiodic CSI report in uplink, in other words the approach would provide the UE with roughly 3 ms to process the full CSI report. With up to three CSI processes, this can be considered enough.

However, there is obviously roughly a linear dependency between the number of CSI processes that the UE needs to compute and the time required for the computations. Hence if the number of CSI processes is more than three, additional relaxations may be required. For instance, in that case the proposal from [3] could be used additionally, i.e. the time from the CSI reference resource to the corresponding uplink report is increased from the current 4 ms. Here it is noted that this approach alone will not help the UE: As seen from Figure 1, adopting this approach alone would only mean that either the UE will need to have more parallel processing for processing multiple CSI reports, or the UE still may need to be able to process the full report within 1 ms. Hence, this helps only if the validity of subframes as CSI reference subframe is also restricted.

Observations:

· Processing time can be increased by restricting the CSI reference resource.
· Provides roughly three times more CSI processing time than in Release 10.

· Avoid overdesigning the feedback processing at the UE side with no impact on feedback performance in practical deployments.
· Additional restrictions may be needed for handling more than three CSI processes.

The exact restriction can be specified for instance by having explicit signaling of periodic CSI reference subframes via RRC, or perhaps in a more straightforward manner by just designating one of the configured non-zero-power CSI-RS resources as the CSI reference resource.

It is noted that such restriction will not in any way restrict the subframes in which the eNB can transmit the CSI request, rather the corresponding CSI reference resource is modified. So at the UE side the CSI request will merely imply computation of CSI corresponding to a different subframe. Hence there is practically no impact on the eNB side at least in terms of complexity. On the other hand the proposed CSI reference resource definition is the natural way to define the CSI reference resource when both the channel measurement and interference measurement references (CSI-RS and IMR) come with a periodicity of at least 5 ms.
Based on the above discussion, we propose that the CSI reference resource can only be located in pre-configured periodic subframes, where the configuration is done by designating one of the configured non-zero-power CSI-RS resources as a valid CSI reference resource. If it is agreed that the number of CSI processes is more than three, additionally an increase in the CSI processing time is needed.

3
Conclusions

In this contribution we have discussed the required constraints to limit the UE processing requirements when the UE is configured with multiple CSI processes. Our proposals can be summarized as follows:
Proposals:

· One of the non-zero-power CSI-RS resources configured to the UE shall be designated as a valid CSI reference resource.

· A subframe shall be considered to be valid only if it contains non-zero-power CSI-RS that have been configured as a valid CSI reference resource.

· If the number of CSI processes N is three or less:

· For both aperiodic and periodic CSI reporting in subframe n, the CSI reference resource shall be located in the last valid subframe before or in subframe n-4.

· If the number of CSI processes N is more than three:

· For both aperiodic and periodic CSI reporting, the CSI reference resource shall be located in the last valid subframe before or in subframe n-N-1.
· Depending on N, also additional restrictions on minimum periodicity of the CSI reference subframe may need to be considered.
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