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1 Introduction

In RAN1#70, constraints to limit the UE processing requirements were discussed when the UE is configured with multiple CSI processes, in order to reduce the UE processing complexity. Furthermore, one way forward [1] about limiting UE complexity for CoMP CSI processing was proposed and discussed by email.
This contribution discusses the concept of CSI reference resource with IMRs, and provides an analysis of the methods to limit UE processing requirements when the UE is configured with multiple CSI processes. Section 2 reviews the role of the CSI reference resource and provides an analysis of the cases that would require special care in order to limit the UE complexity for CoMP CSI processing. Section 3 provides methods to limit the UE complexity. Section 4 summarizes the proposals of this contribution.
2 Concept of CSI reference resources for CQI feedback based on IMRs
In TS 36.213 v11.0.0, the CSI reference resource is defined as follows:

· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

· In the time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref.
· In the layer domain, the CSI reference resource is defined by any RI and PMI on which the CQI is conditioned.

In particular, the CSI reference subframe specifies the time-domain component of the CSI reference resource. The CSI reference subframe provides:

· The time reference at which the feedback is relevant (i.e. the delay expected by the eNB between the reference subframe and the reporting subframe), 
· The type of subframe that the UE should assume for overhead calculations, and
· In case of subframe sets for eICIC: an additional constraint for interference measurements.
However, with the introduction of TM10, the reference resource and the associated UE behavior may need to be revisited. Similar to TM9, in TM10 the channel/signal state information measured based on CSI-RS allows for extrapolation or interpolation, and therefore it is allowed to decouple the CSI reference resource and the CMR (channel measurement resource) associated with a CSI process. Thus, the above definition still applies with regard to the measurements of the state of the channel/signal.

Care should be taken with regard to the measurements of the state of the interference for TM10. The state of the interference is well defined on the REs of an IMR, but the interference conditions outside an IMR are not necessarily the same as that on the IMR. Although interference averaging may be considered as meaningful within a band and time interval to which the derived CQI value relates, in general extrapolation or interpolation in time-domain may pose some difficulties conceptually and technically. For example, it may not be straightforward to define and ensure the time-relevance of the extrapolated or interpolated interference.

A few options may then be considered for clarifying the time-domain component of the CSI reference resource with respect to the state of the interference for a UE configured in transmission mode 10:

· Option 1: Allow valid CSI reference resources to only be subframes that contain the IMR associated with the reported CSI process.

· Option 2: Allow valid CSI reference resources to be any subframe, and allow for interference extrapolation or interpolation based on measurements on IMRs from different subframes.

· Option 2.1: Introduce periodic CSI reference subframes.
· Option 2.2: Use existing definition of CSI reference subframes (i.e. reference subframes are determined from the triggers in aperiodic reporting cases and the reporting subframes in periodic reporting cases).
Option 1 has a clear definition of the time relevance of the reference resources. In order to ensure Option 1, the definition of “a valid downlink subframe” should specify for TM10, that a valid downlink subframe must be one with an IMR associated with the CSI process, which may be a reasonable consideration.

Option 2 requires further clarifications / interpretations of the time relevance of the reference resources.

Note that the way forward [1] proposes 5ms periodic CSI reference subframes and is aligned with Option 2.1 and will be discussed in details later. It is considered to fall into the category of Option 2 since a periodic CSI reference subframe may not be able to cover all the configured IMRs for all the CSI processes. Unless the IMRs of every CSI process occupy the same subframes as the 5ms periodic CSI reference resources, to obtain interference measurements, extrapolation or interpolation must be carried out.
Option 2.2 does not rely on periodic CSI subframes and is most similar to the existing mechanism. As discussed in later sections, Option 2.2 generally does not necessarily introduce high UE complexity.

If subframe subsets are configured, way forward [1] may require the subframe subsets to be configured such that each subset should contain some periodic CSI reference subframes for either aperiodic reporting or periodic reporting, which introduces further restrictions on subframe subset configurations and possibly even IMR configurations. Option 1 and Option 2.2 do not lead to any additional restrictions.

In any event, it should be noted that the previous definition of the reference resource likely needs some additional modifications/interpretations, and clarifications of the (possibly new) definition without ambiguity and the associated UE behavior should be provided, which will be the basis for further topics such as the UE complexity.
3 Issues with UE processing complexity for aperiodic CoMP CSI feedback
In current specifications, the CSI reference subframe coincides with the subframe where the aperiodic feedback is triggered, as shown in Figure 1 case (a). In [1], it is proposed to define a periodic CSI reference subframe, as shown in Figure 1 case (b). Note that in both cases, CMR and IMR do not need to be located in the reference subframe as per the current agreements, except for IMRs in the case of subframe sets. 
The UE should do its best effort to feedback CSI that is relevant to the time of the reference subframe. The UE may use CMRs and IMRs that occur earlier and/or later than the CSI reference subframe in order to extrapolate/interpolate the channel and average the interference measurements and obtain the channel state information and interference state information relevant to the timing of the reference subframe. Note that this type of UE implementation would be beneficial in both cases (a) and (b).

In case of multiple triggers in back-to-back subframes, the CSI reference subframe would be different in case (a), while it would be the same for both triggers in case (b). While case (b) may seem like providing means for decreasing the UE processing complexity, this is only true for certain UE implementations where the UE would anticipate the triggered CSI processes and start channel estimation and CQI derivation for all configured CSI processes before a potential trigger is received. While in case (a), the UE would need to obtain a new channel estimate that corresponds to the reference subframe at the time of triggering.

On the other hand, defining a periodic CSI reference subframe would result in a variable delay between measurements and feedback expected at the eNB, and a larger delay for CoMP than for non-CoMP operation if the CSI reference resource is pushed back as a function of the number of CSI processes triggered.
Observation 1: a periodic CSI reference subframe would result in:

· a variable delay between reference subframe and reporting subframe

· a larger delay for CoMP than for non-CoMP operation if the CSI reference resource is additionally pushed back in case more than one CSI process is triggered
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Figure 1: CSI reference resource for UE processing of aperiodic CSI
Rather than mandating periodic computation of all CSI processes, the specifications should provide the UE and eNB with solutions to avoid mandating for a large computational complexity, i.e. a set of rules that the UE and eNB can follow to determine whether a UE will report the requested feedback. These solutions should strive to handle complexity without impact to the feedback delay compared to legacy releases.
There should not be any problem for the UE processing complexity with the current definition of the CSI reference resource in typical cases, where:

· CSI-RS resources and IMRs do not appear with less than 5 ms interval (they still may be in the same or different subframes).

· This is the preferred configuration to ensure efficient utilization of ZP CSI-RS to protect Rel-10 UEs, and to ensure Rel-8/9 UEs’ PDSCH is not punctured in many subframes.
· The eNB triggers all CSI processes in the same subframe (no back-to-back triggers in consecutive subframes)
· This is the preferred configuration to ensure equal feedback delay for multiple CSI processes, in order to offer optimal CoMP performance.
The worst cases provided in [2]
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 \* MERGEFORMAT [4] for CoMP are in fact corner cases. Back-to-back aperiodic CSI feedback triggers may still be acceptable in terms of complexity if the UE is only triggered a single CSI each time (as in Rel-8/9/10 and TM10 with subframe sets), but should be considered an error case for CoMP with multiple CSIs in each trigger, except in limited cases for CoMP + CA (e.g. up to 2X CSIs).
Observation 2: UE CSI processing complexity is not an issue in typical cases where a maximum of 3 or 4 CSI processes can be triggered by a single CSI request on one component carrier and:

· CSI-RS resources and IMRs do not appear with less than 5 ms interval

· The eNB triggers all CSI processes in the same subframe without back-to-back triggers

·  CoMP with subframe sets or CA may require special attention

Note that back-to-back triggering of CSI processes may be relevant in case subframe sets are configured for a CSI process, and for triggering CSI processes corresponding to different component carriers for which case the UE should be capable of computing more CQIs than for just one component carrier.

4 Methods for limiting UE complexity for CoMP CSI processing
In this section, we discuss alternative methods to limit UE complexity for CoMP CSI processing. The UE processing capability can be defined as the maximum number of CSI processes that a UE can calculate, such as K CSIs per M ms. The eNB should not trigger CSIs in a way that would exceed the UE capability. This limitation can be ensured by procedures defined in the specifications.
In the event that the number of triggered CSI processes exceeds the UE capability, e.g. eNB triggers K+L CSI processes within M ms, methods for handling the incompatibility should be defined, such as:
· For aperiodic CSI feedback, when the UE receives a new trigger and the UE has already received multiple triggers for which the CSI processes have not yet been reported, and the total number of CSI processes not yet reported including the new trigger exceeds a certain number K, then the UE drops CSI processes according to dropping priority rules, such as for periodic CSI feedback.

· For aperiodic CSI feedback, when the UE receives a new trigger and the UE has already received multiple triggers for which the CSI processes have not yet been reported, and the total number of CSI processes not yet reported including the new trigger exceeds a certain number K, then the UE drops all CSI processes that correspond to the latest trigger.
Alternatively, one could rely on UE implementation to make sure that the UE reports what is requested by the eNB but with a performance penalty due to limitations in the UE processing complexity. For example the UE can avoid re-computing part of the CSI, such as RI/PMI for some of the CSI processes. In order to provide a clear guidance for UE implementation and avoid performance degradation, it is preferable to define the UE processing capability and associated aperiodic CSI dropping rules for the cases where the triggers exceed the UE capability.

Proposal: Set the maximum UE processing complexity by defining procedures to handle cases where the number of triggered CSI processes exceeds a certain limit (K).
· For aperiodic CSI feedback, when the UE receives a new trigger and the UE has already received multiple triggers for which the CSI processes have not yet been reported, and the total number of CSI processes not yet reported including the new trigger exceeds K, then the UE drops CSI processes according to either:

· Alt1: dropping priority rules defined for periodic CSI feedback.

· Alt2: the latest received trigger.

· The value of K is related to the maximum number of CSI processes X that can be triggered with a single CSI request:
· K=X for a UE configured with a single component carrier.
· K=2X for a CA-capable UE configured with multiple component carriers.
5 Conclusions
This contribution discusses the concept of CSI reference resource when the CQI is derived based on an IMR. It was observed that some clarification should be brought to the CSI reference resource to ensure the correct state of the interference is assumed by the UE when reporting the CQI for a certain CSI process.

This contribution also provides an analysis of UE complexity for CoMP CSI processing, and proposed methods to ensure the CSI processing will not exceed the UE capability. Proposals are summarized below:
Proposal: Set the maximum UE processing complexity by defining procedures to handle cases where the number of triggered CSI processes exceeds a certain limit (K).

· For aperiodic CSI feedback, when the UE receives a new trigger and the UE has already received multiple triggers for which the CSI processes have not yet been reported, and the total number of CSI processes not yet reported including the new trigger exceeds K, then the UE drops CSI processes according to either:

· Alt1: dropping priority rules defined for periodic CSI feedback.

· Alt2: the latest received trigger.

· The value of K is related to the maximum number of CSI processes X that can be triggered with a single CSI request:

· K=X for a UE configured with a single component carrier.

· K=2X for a CA-capable UE configured with multiple component carriers.
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