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1
Introduction
At RAN1#69 a maximum CoMP measurement set size of three was agreed.  Out of concern about increased UE processing complexity, the agreement was conditioned on introducing some form of UE processing relaxations to reduce the worst-case complexity when more than a certain number of CSI processes are configured. 
In this contribution we make several proposals on how to achieve this UE complexity reduction.  The topic is intertwined with remaining details of CoMP CSI feedback which are also addressed in [1].  Several companion papers address other CSI feedback issues on CoMP [2]-[4]. 

2
Key drivers of CSI feedback complexity

CSI feedback complexity is a function of numerous factors that go beyond the size of the measurement set itself.  In this section we summarize the key drivers of CSI feedback complexity and highlight pertinent issues from a UE complexity standpoint.
In most general terms CSI feedback complexity is impacted by the following three factors: 
1. Channel measurement complexity; 

2. Interference measurement complexity; 

3. CSI processing complexity. 

The first two items refer to the complexity associated with generating adequate channel and interference estimates.  The third item subsumes the processing needed to compute RI, PMI, and CQI information based on these channel and interference measurements.  While in general all three factors are important and may potentially become processing bottlenecks, the CSI processing complexity warrants particular attention, especially in more complex scenarios (e.g., 8Tx CSI feedback or PUSCH mode 2-2).  A similar observation has been made in [5]. 
Observation 1: 

· CSI processing (i.e., computing RI/PMI/CQI information) frequently serves at the bottleneck of UE complexity, especially if 8Tx feedback is configured.  

To facilitate discussion, we use the term “CSI process” to refer to a combination of a channel and an interference measurement resource which together form the basis of a CSI feedback instance.  The number of configurable interference measurement resources (IMRs) has not yet been agreed.  In fact, it is unclear whether it is necessary to do so directly, as limiting the maximum number of configurable CSI processes appears to be more relevant, at least from a UE complexity standpoint [1]. 

2.1
Number of CSI processes
The maximum number of configurable CSI processes clearly impacts the worst-case CSI feedback complexity.  As noted earlier a CSI process can be viewed as a linkage of one CMR and one IMR, respectively.  In the remainder of the discussion, we assume that no more than three CSI processes can be configured for CoMP CSI feedback.  Given the agreement on the CoMP measurement set size, this seems to be a natural way forward as it allows the network to make use of the maximum CoMP measurement set size while not further increasing the maximum number of CSI processes.  Basically, fixing the maximum number of CSI processes enables the network to tradeoff the number of channel measurements with the number of interference measurements at fixed UE processing complexity. 
Proposal 1: 

· In Rel-11 at most three CSI processes can be configured for CoMP CSI feedback.  
2.2 
CSI feedback processing timeline

The CSI feedback processing timeline is another key factor that impacts worst-case UE processing complexity.  In Rel-10, only one CSI process corresponding to a single NZP CSI-RS resource is supported.  Therefore, channel measurement resources occur with at most 5ms periodicity.  
In Rel-11, CSI feedback may be carried out based on multiple CMRs.  These CMRs may correspond to different NZP CSI-RS resources each of which may be configured with a different setting of the parameter subframeConfig.  With regard to interference measurement, the introduction of the IMR concepts provides for dedicated interference measurement opportunities that occur at most every 5ms.  Note that even if more than one IMR were to be supported, these IMRs would have to occur in the same subframe due to the common subframe configuration of ZP CSI-RS-resources. 
As pointed out in [5], the fact that CMRs and IMRs may not necessarily occur in the subframe complicates CSI feedback.  For example, consider the example in Figure 1 which shows the feedback timeline assuming three configured CMRs that all share a common IMR.  The three CMRs occur in the same subframe but are offset by one subframe compared to the IMR occurrences. 
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Figure 1: Illustration of the worst-case CSI recomputation period.
As a CSI process comprises both a CMR and an IMR, a recomputation of the CSI information (i.e., RI/PMI/CQI) may be required by either a CMR occurrence or an IMR occurrence.  This is undesirable from a UE complexity viewpoint as the minimum time between recomputations of CSI information is therefore just a single subframe.  A specific example of this worst-case is shown in Figure 1.  The aperiodic CSI trigger #1 in subframe n requests CSI feedback for all CMRs based on the IMR occurrence in subframe n-4 (not shown in the figure) whereas the CSI reports triggered in subframe n+1 would require a recomputation of all three CMR reports based on the IMR occurrence in SF n+1.  Clearly, this leads to a worst-case recomputation interval of just one subframe, possibly for all configured CSI processes. 
Observation 1: 

· If recomputation of a CSI process is triggered by occurrences of both CMRs and IMRs then the worst-case recomputation period amounts to only 1ms. 
3
Approaches toward reducing UE complexity

Approaches toward reducing UE complexity need to alleviate the worst-case processing requirements as UE complexity is primarily driven by such worst-case scenarios.  While different ways of reducing UE complexity will be discussed below, there is commonality among the proposals in terms of distributing CSI computations across as many subframes as possible.  The objective of doing so is to avoid subframes with peak processing demand; rather it is desirable to keep the processing demand per subframe as uniform as possible.  
3.1
Limiting the placement of CMR and IMR resources

As discussed in Section 2.2, it is important to increase the worst-case CSI recomputation time from 1ms to a larger period.  For example, by constraining that all CMRs may only occur in subframes that can also be configured with an IMR, the worst case processing time can easily be increased to 5ms.  From a practical standpoint such a restriction seems to have small impact as most, if not all, practical deployments anyway require the network’s ability to mute for CMRs at other transmission points.  Such muting is possible at most every 5ms. 

It is worth noting that the above restriction does not require all CSI-RS resources to share a common subframeConfig.  Rather, as illustrated in Figure 2 the parameter subframeConfig could be used to stagger CSI-RS resources in time, if so desired by the network.   
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Figure 2: Illustration of restricting CMR placement to subframes containing IMRs.
Proposal 2: 

· To limit the worst-case CSI recomputation period, the placement of CMRs should be restricted to those subframes in which IMRs may be configured. 
It is important to note that the above proposal by itself does not sufficiently reduce UE complexity.  Rather, it should be viewed as a way of limiting the worst-case CSI recomputation time.  This can in turn serve as a foundation other complexity relaxations addressed in the following sections.  
An alternative way of increasing the worst-case CSI recomputation period is to require CSI recomputation only at certain time instances.  For example, CSI recomputation may be triggered only by one of CMR or IMR occurrences (but not by both).  Since the minimum period of both CMRs and IMRs is restricted to 5ms, such a restriction would lead to a similar effect as Proposal 2.  However, keeping in mind that there is little downside to requiring the placement of CMRs and IMRs in the same subframe, we have a slight preference for adopting Proposal 2.  
3.2
Pushing out the CSI reference subframe
One way of increasing the time available at the UE for CSI processing, is to push out the CSI reference subframe compared to the subframe carrying the CSI trigger.  This behavior is illustrated in Figure 3 which shows the case of three CMRs, all sharing a common IMR.  The IMR is assumed to be configured in the same subframe as the CMRs in line with Proposal 2.  

[image: image3.emf]SF#

n n-2 n+4

CMR1

CMR2

IMR

A-CSI 

trigger 

recv’d

UE 

sends 

A-CSI 

report

n-1 n+1 n+2 n+3

CMR3

CMR1

CMR2

CMR3

reference 

subframe

IMR


Figure 3: Increasing processing time by pushing out the CSI reference subframe.
In Figure 3 it is assumed that the reference subframe is pushed out by two subframes compared to the triggering subframe.  This value is chosen to better align UE complexity with the Rel-10 requirement.  In particular, while Rel-10 supported only one CSI process, we now need to support up to three CSI processes.  Assuming that the time needed to process a single CSI report amounts to roughly 1ms [5], an extension by two subframes seems reasonable for the additional two CSI processes that now need to be supported. 

3.3
Limiting the number of CMRs per subframe
An alternative approach, proposed previously in [7], is to limit the maximum number of CMR occurrences in a single subframe to two.  We note that for this approach it is again important to combine the proposal with the restriction on CMR/IMR placement of Proposal 2.

An example timeline for limiting the CMR placement is given in Figure 4.  It includes three CMRs one of which is configured with 5ms periodicity and two which are configured with 10ms periodicity, respectively.  The parameter subframeConfig for each of the CMRs is chosen such that at most two CMRs occur in any given subframe. 
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Figure 4: Increasing processing time by limiting the number of CMRs in a given subframe.
Figure 4 demonstrates that the limited number of CMR resources per subframe alleviates the number of CSI computations triggered by CMR occurrences.  In addition, however, it is also important to constrain the number of CSI computations triggered by IMR occurrences.  For example, if we assume that all CMRs in Figure 4 are associated with a single IMR, then the IMR occurrence in subframe n should not trigger a recomputation of CSI process #3.  Otherwise, the recomputation of three CSI processes would be necessary in subframe n which would lead to a too high processing load for a report in subframe n+4.  
To avoid this issue, it is possible to either mandate that CMR and IMR occurrences of the same CSI process should always occur in the same subframe or that CSI recomputations are only triggered by some occurrences of reference signals (thereby allowing the UE to reuse previous CSI computations despite a later occurrence of either a CMR or an IMR). 

Proposal 3: 

· UE processing requirements may be relaxed by the following two methods or a combination of both: 

·  Pushing out the CSI reference subframe

· Limiting the number of CMRs per subframe

4
Conclusions 

In conclusion, the contribution summarized potential UE processing relaxations for CoMP CSI feedback: 

Number of CSI processes
· In Rel-11 at most three CSI processes can be configured for CoMP CSI feedback.  

Limiting the placement of CMR and IMR resources

· To limit the worst-case CSI recomputation period, the placement of CMRs should be restricted to those subframes in which IMRs may be configured. 
UE processing relaxations

· UE processing requirements may be relaxed by the following two methods or a combination of both: 

·  Pushing out the CSI reference subframe

· Limiting the number of CMRs per subframe
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