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1
Introduction
At RAN1#67 it was agreed that interference measurement will be enhanced in Rel-11 by allowing for a UE-specific configuration of certain REs for this purpose.  To progress further on this issue, this contribution presents several interference measurement procedures in support of downlink CoMP.  We discuss how zero-power and possibly also non-zero power CSI-RS resources may be used to refine interference estimates.  Further, we see benefits in considering a combination of CSI-RS and CRS based interference measurements, especially when it comes to dealing with a combination of interference within and across CoMP clusters. 

Companion papers provide views on CoMP reference signal enhancements [1], [2], and [3].  Aspects related to feedback reporting are discussed in [4], [5], and [6].  

2
Discussion

In this contribution we consider CSI-RS based enhancements to interference estimation, particularly targeting CoMP operation in heterogeneous networks.  In such scenarios, it may be beneficial to allow for a combination of CSI-RS and CRS based interference estimation.  This is motivated by the tight coordination within a CoMP cluster versus the limited coordination across CoMP clusters. 
For illustration, an example scenario is shown in Figure 1.  It consists of a CoMP cluster A composed of a macro (“Macro A”) and two RRHs, “RRH A.1” and “RRH A.2.”  The macro of a neighboring CoMP cluster “Macro B,” creates non-negligible interference across the cluster boundary. 

Three UEs are shown in this setup, one associated with each of the macro and RRHs, respectively.  Thanks to the UE-specific configurability of CSI-RS resources, interference estimation can be tailored for each of these separately and the network’s knowledge of scheduling decisions throughout the CoMP cluster can be exploited to refine the way interference estimates are used at the network’s side. 
2.1
CSI-RS based interference measurement
CSI-RS based interference measurement can build on the Rel-10 concept of zero-power CSI-RS resources.  When a UE is configured with such resources, its PDSCH transmissions are rate-matched around these resources creating a set of muted REs.  In Rel-10, this concept was introduced primarily in support of improving channel estimation performance for actual CSI-RS transmissions of neighboring transmission points.  However, given the current HetNet CoMP discussions, the muted REs may also be exploited for interference measurement by having a UE measure interference on those muted resources. 

An example configuration is shown in Figure 2, where UE1 through UE3 correspond to the UEs shown in Figure 1.  All are assumed to be part of the same CoMP cluster.  From Figure 2, we see that each of these UEs (all of which are associated with different transmission points) are configured with separate zero-power CSI-RS resources.  In Figure 2, a four port pattern is shown for example, although other CSI-RS configurations could also be considered.  The separately configured muted REs can be used to measure the PDSCH interference from adjacent transmission points.  
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Figure 1: Illustration of the heterogeneous deployment considered in this paper.
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Figure 2: Configuration of zero-power CSI-RS for purpose of interference measurement.
It should be noted that the above approach to interference estimation is expected to be particularly effective within a CoMP cluster as the cluster’s scheduler is able to schedule PDSCH transmissions of neighboring points such that the UE’s interference measurement on the muted REs will be representative of its performance when scheduled in a future subframe.  Across CoMP clusters such knowledge is clearly not available. 

It should be noted that further study is needed regarding overhead tradeoffs.  For example, it is possible that in Figure 1, neighboring RRH A.1 and RRH A.2 do not create significant interference to each other’s UEs.  In that case, it would be possible to target a more aggressive reuse of zero-power CSI-RS resources to reduce overhead. 

Another potential way of reducing overhead is to use a combination of zero-power and non-zero power CSI-RS for interference estimation.  That way, a UE could use a non-zero power CSI-RS resource for channel estimation and after subtracting the known pilot use the same REs for interference estimation.  Further study it needed though whether the CSI-RS density provides sufficient channel estimation performance to make such an approach feasible.  In this context, increasing the CSI-RS density (for example by aggregating multiple CSI-RS patterns) could be considered. 
Proposal 1: 

· Consider zero-power CSI-RS resources for interference measurement, particularly within a CoMP cluster
· Non-zero power CSI-RS resources could be considered as well if channel estimate quality is sufficient to allow for such operation

2.2
Combined CRS/CSI-RS based interference measurement
The lack of coordination across CoMP clusters motivates to reuse CRS-based interference estimation.  For example, as illustrated in Figure 2, a colliding CRS configuration could be targeted within a CoMP cluster and used to estimate the out-of-cluster interference.  Appropriate planning could ensure that neighboring CoMP clusters use a CRS shift that does not collide.  The UE may combine the interference estimation obtained via CSI-RS and CRS to refine the CSI reporting accuracy. 
Proposal 2: 

· Consider a combination of CSI-RS and CRS-based interference measurement
· CRS-based interference measurement may target out-of-cluster interference

2.3
Other forms of interference measurement 
In addition to the above approaches, it should be studied to what extent the network can extrapolate a UE’s CSI reports based on knowledge of scheduling decisions and CSI information throughout a CoMP cluster.  Compared to non-CoMP setups in which tight coordination is not feasible, it seems that the network is in a good position of performing such extrapolation.  
The extent to which prediction of interference conditions is possible is also linked to the way CSI feedback is performed as CSI is necessary to effectively exploit the knowledge of scheduling decisions throughout a cluster.  However, given that additional feedback for non-serving points will likely be standardized in Rel-11, it seems reasonable to consider that limited CSI information to a UE’s dominant interfering points may be available. 

Extrapolation of interference conditions at the network side is largely transparent to the specification.  However, we feel that such techniques should be considered in order to compare against the performance of the CSI-RS and CRS-based interference estimation approaches.  Ultimately, if it turns out that implementation-based mechanisms for interference prediction give satisfactory performance, then some forms of interference measurement enhancements may not be necessary.  

Proposal 3: 

· Extrapolating interference within a CoMP cluster should be considered in evaluations as a benchmark 

3
Conclusions

This paper considered potential enhancements to interference measurement procedures.  Our views and proposals can be summarized as follows: 

· Consider zero-power CSI-RS resources for interference measurement, particularly within a CoMP cluster

· Non-zero power CSI-RS resources could be considered as well if channel estimate quality is sufficient to allow for such operation

· Consider a combination of CSI-RS and CRS-based interference measurement

· CRS-based interference measurement may target out-of-cluster interference

· Extrapolating interference within a CoMP cluster should be considered in evaluations as a benchmark 
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