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1. Interference Measurability

In order for the UE to send proper feedback, the channel as well as 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 uphold 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 are 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]  as well as scheduled silent transmissions [2] 
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Observation

· Accurate measurements of interference as seen on PDSCH crucial for efficient system operation
· Both high and low load scenarios must be taken into account
Proposal

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

2. PDSCH Muting
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 may be important for homogenous deployments with CoMP where the UE may need to estimate channels of non-serving cells. 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. 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 seems unnecessary. If muting is not employed, interference can be measured on CSI RS REs. But if muting is used, cell specific silent resources dedicated for interference measurements need to be introduced so that requirements on interference measurability are fulfilled.
Observation
· For homogenous networks with conventional uncoordinated transmissions, muting seems unnecessary and interference can be measured on CSI RS REs

· For homogenous networks with CoMP, there may be some need for muting because CSI RS measurements on non-serving cells may be needed (unless reciprocity is used for exploiting uplink transmissions). 
· In case of muting, cell specific silent resources dedicated for interference measurements need to be used
Heterogeneous networks (HetNet) with multiple deployment layers is a classical hierarchical cell technique where wide area coverage is provided by a “macro” layer while a lower “pico” layer provids capacity by introducing a number of rather isolated cells within each macro cell.  Interference problems between different deployment layers have traditionally been avoided by using different carriers for the different layers but what is now being discussed for LTE is the possibility for at least partially sharing carriers between the different layers. Our views on HetNet are presented in [5]  and generally consider exploiting carrier aggregation and cross-carrier scheduling techniques. 
We will now briefly consider the impact of HetNet on CSI RS design. As described in [5] , if the coverage of the pico cells are range extended by e.g. performing cell selection based on minimum path loss instead of maximum received power, cell edge UEs served by the pico cells may experience a very low SINR since the transmission power of the macro layer is much larger than the transmission power of the pico layer. Consequently, the serving cell channel estimate based on CSI RS for a cell-edge UE served by a pico cell may be severely impaired if the macro layer transmits a PDSCH in the same subframe as the CSI RS transmission. This provides motivation for considering muting of the REs in a macro cell’s PDSCH that collide with CSI RS transmissions from pico cells within the coverage of the macro cell. At the same time, a need would then arise to also consider introduction of cell specific silent resources dedicated for interference measurements so that pico cell UEs can obtain reasonable knowledge of the interference situations.
Observation
· For heterogenous networks, there may be a need for muting some REs of macro cell PDSCH when cell-edge UE measures CSI RS from range extended pico cell. 
· Cell-specific silent resources dedicated for interference measurements then need to be used. 

3. Conclusions

This contribution discussed the impact on CSI RS design of requirements on interference measurability and sufficient channel estimation accuracy for CSI. To fulfill those requirements in a number of use cases including homogeneous networks with uncoordinated as well as coordinated transmissions and HetNet deployments, we conclude with the following:

Proposal

· Consider introducing cell specific silent resources for interference measurements and possibility for muting
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