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1. Introduction
The discussions on CSI RS muting are ongoing but there has so far only been limited progress. Up to now the discussions can be summarized by the conclusion in RAN1 #60bis that

· Transparent muting has an impact on Rel-10 UE

The limited progress is perhaps not so surprising considering that also the design of CSI RS is far from being finalized and evaluating muting is at least partly dependent on the design of CSI RS.
2. Applications of Muting
One of the original applications of CSI RS muting is to mute PDSCH REs of cells interfering with CSI RS REs of the serving cell in order to facilitate estimation of non-serving cells’ channels for CSI feedback. The intention was to use this for CoMP in homogenous networks to raise the SINR for channel estimation on non-serving cells. The application of muting is however much wider than that and it needs to be carefully assed what scenarios muting is supposed to support. Muting may for example be useful in HetNet situations for enabling UEs in pico cells to measure its own channel by muting corresponding REs in macro cell. But channel estimation is not the only component in CSI feedback. Also the interference needs to be estimated. Typically, interference estimation would be performed based on the same REs that are used to carry the CSI RS, at least for conventional non-coordinated operation. But if that is not deemed to give sufficiently good performance [5], muted REs could be used as well as long as it is ensured that corresponding REs in interfering cells carry (non-muted) PDSCH. 
Observation

· At least three different uses of CSI RS muting

· Estimation of channels of non-serving cells (homogenous CoMP application)

· Estimation of channels of serving cell (HetNet application where PDSCH from macro cell avoids CSI RS transmitted for UEs in pico cell)

· Estimation of inter-cell interference (in all applications)

Note that in the case of no coordination as well as HetNet it is rather clear that the UE should measure all existing PDSCH interference, but what kind of interference the UE should measure for CoMP is not as easy to determine since it is not clear whether interference from cells participating in CoMP coordination set should be included or not. Nevertheless, how to perform interference estimation for CoMP operation needs to be clarified before further support for this scenario is decided.
Proposal

· Clarify how the UE should measure interference in a CoMP setting before proceeding with muting for the application of CoMP 
3. Interference Measurability

As already indicated in the previous section, in order for the UE to send proper feedback, not only the channel but also the interference needs to be estimated. The latter entity is often overlooked, with detrimental impact on the system performance. Obtaining estimates of interference implies measurements on some resources. For this to work, the interference seen on the measurement resources must be representative of the interference level that the PDSCH experiences. This principle should be up hold in high load as well as low load scenarios. Ignoring this design principle and for example allowing measurement resources to be hit by cell specific RS transmissions from other cells could have a severe detrimental impact on the performance in lightly loaded scenarios since the CQI reporting becomes highly pessimistic even though there is almost no interference on the PDSCH due to the absence of traffic in neighboring cells [1]. Measurements can be conducted on resource elements (REs) carrying cell specific RS, such as CSI RS, or on some other cell specific resources dedicated for interference measurements. Possibilities for dedicated interference measurement resources include hopping silent REs [1], scheduled silent transmissions [2] 
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[3] as well as using muted REs if such REs are supported.

Observation

· Accurate measurements of interference as seen on PDSCH crucial for efficient system operation

Proposal
· Both high and low load scenarios must be taken into account in CSI RS muting studies

· Ensure that REs used for interference measurements see similar interference as the REs belonging to PDSCH 

4. Impact of Muting on Interference Estimation
Muting of PDSCH REs colliding with CSI RS transmissions in other cells have been proposed [4] as a way of raising the SINR on the REs carrying CSI RS and thereby improving the channel estimates. This might be something to consider for some deployments like CoMP where the UE may need to estimate channels of non-serving cells. The underlying problem is that non-serving cells have lower received power than serving cell which may lead to unfavorable SINR levels on the CSI RS REs. The serving cell’s PDSCH as well as other cells’ PDSCH could then be muted in an attempt to raise the SINR on the CSI RS to improve the estimation of non-serving cells’ channels. On the other hand, CoMP is primarily for cell-edge UEs and for those it is not clear that the SINR is substantially lower than for normal uncoordinated system operation where only serving cell channels are needed and where muting is unnecessary. 
There is also an interesting relation between introducing muting and the possibilities for the UEs to measure the inter-cell interference. If muting is not employed, interference can at least in principle be measured on CSI RS REs. But if muting is used for the purpose of removing PDSCH interference it is not clear how and where the UE should measure interference. Thus introducing muting for removing PDSCH interference may help to solve one problem but immediately creates a new problem – that of interference estimation. Of course, muting can also be used for improving interference estimation if interference from other cells’ PDSCH is allowed to hit the muted REs. 
From this it is clear that CSI RS muting and interference estimation aspects need to be discussed jointly and that both channel and interference estimation are possible uses of CSI RS muting. The intent of the CSI RS design is to make it future-proof thus requiring the CSI RS muting discussions to cover a broad range of applications so that 3GPP does not end up with a premature design which later turns out to only support a very narrow application scenario which may eventually turn out to be less interesting. 
Observation

· Muting for removing PDSCH interference creates a new problem – how to estimate interference on the UE side
Proposal
· Channel estimation and interference estimation need to be discussed jointly when addressing the CSI RS muting topic

· Not reasonable working order to first introduce a feature (muting for removing PDSCH interference) that creates a new problem (interference estimation) and only thereafter consider how to solve the new problem.

· If support of muting is introduced, the resulting problem of inter-cell interference measurability needs to be solved as well.
· Using muted REs for interference estimation is a possibility but other types of cell specific silent resources dedicated for interference measurements may also be considered
5. Conclusions
This contribution discussed CSI RS muting and in particular brought up the often overlooked but important issue about interference estimation. According to the discussion above we observe and propose as follows:
· At least three different uses of CSI RS muting

· Estimation of channels of non-serving cells (homogenous CoMP application)

· Estimation of channels of serving cell (HetNet application where PDSCH from macro cell avoids CSI RS transmitted for UEs in pico cell)

· Estimation of inter-cell interference (in all applications)

· Clarify how the UE should measure interference in a CoMP setting before proceeding with muting for the application of CoMP

· Accurate measurements of interference as seen on PDSCH crucial for efficient system operation

· Both high and low load scenarios must be taken into account in CSI RS muting studies
· Ensure that REs used for interference measurements see similar interference as the REs belonging to PDSCH
· Muting for removing PDSCH interference creates a new problem – how to estimate interference on the UE side

· Channel estimation and interference estimation need to be discussed jointly when addressing the CSI RS muting topic

· Not reasonable working order to first introduce a feature (muting for removing PDSCH interference) that creates a new problem (interference estimation) and only thereafter consider how to solve the new problem.

· If support of muting is introduced, the resulting problem of inter-cell interference measurability needs to be solved as well.

· Using muted REs for interference estimation is a possibility but other types of cell specific silent resources dedicated for interference measurements may also be considered
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