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1
Introduction

In the CoMP WID [1], one objective is stated as follows:

· “Specification in support of DL CoMP operation potentially including: 

· Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements”
Furthermore, during the discussion on real-life DL MIMO issues in RAN1#66, interference measurement enhancements were identified as one issue to be further looked at. In this contribution we present some initial views on potential enhancements for interference measurements. 

2
Need of improved UE interference measurement support
In Release 10, CSI-RS were specified for channel state information estimation purposes. The adopted CSI-RS density was 1 RE / PRB / antenna port for 2, 4, and 8 CSI-RS, while for 1 CSI-RS port the density was of 2 RE / PRB / antenna port. It was also shown that 1 RE / PRB / port is not enough for interference estimation purposes [2], hence CRS-based interference estimation has been assumed for Release 10 in both RAN1 and RAN4 for CQI derivation.
However, currently ongoing Release 11 studies address several scenarios and schemes for which CRS-based interference estimation might not be suitable:

· Geographically distributed antennas with a shared cell ID: CRS would be transmitted in an SFN manner from all points corresponding to the same cell ID. As such, if the actual PDSCH transmissions are coming only from a subset of points, the interference estimated from CRS would clearly not match with the interference seen during the PDSCH data transmissions; hence the reported CQI would be mismatched.
· CoMP may require the UE to estimate/report CQI based on a hypothesis about CoMP transmission instead of (or in addition to) single-cell transmission. In this case the UE should be able to estimate interference underlying the CoMP transmission. Obviously CRS are not suitable for this purpose especially if colliding CRS are configured for example to avoid the overhead problems related to CRS frequency shifts with joint processing CoMP schemes. 
· Increased usage of MBSFN subframes would mean that the UE has fewer opportunities to perform interference measurements on CRS. From this perspective it would be beneficial to have some support of interference measurements that is applicable also to MBSFN subframes.
· In the carrier aggregation work item, discussion on new carrier types is starting. One possibility there could be that the CRS density is reduced. While this topic remains for discussion in the CA WI, such a scenario could also imply a need for further support of UE interference measurements for CSI reporting.
Finally, even in normal homogeneous single-cell scenarios the CRS-to-CRS collisions could make the interference measurements mismatched compared to the actual interference situation, especially in fractionally loaded scenarios. All in all, for Release 11 we observe good motivations for pursuing studies on further enhancements for support of UE interference measurements.
3
Possible enhancement schemes
Common to all cases mentioned in the previous section is that the UE should be able to estimate realistic interference levels that are matched as well as possible to the actual interference faced during PDSCH transmissions. At least two basic approaches for providing the UE with improved interference measurement support can be mentioned:

Increased CSI-RS density

During Release 10 specifications, also higher CSI-RS density of 2 REs / PRB / antenna port was discussed but not adopted (except for 1 Tx). Now that more emphasis is put on interference estimation performance, it seems that the higher density should be reconsidered as anyway using RS for interference estimation constitutes the most thoroughly studied scheme that is already being used in practical UE implementations. The practical way of introducing higher CSI-RS density would be to utilize the existing CSI-RS RE locations such that Release 10 zero-power CSI-RS configurations can be utilized to avoid additional legacy problems with PDSCH RE puncturing for Release 10 UEs. The patterns could be simple extensions of current Release 10 CSI-RS patterns to 2 REs / PRB / antenna port, i.e. similar to the ones studied during Release 10 with RE spacing of 6 in frequency instead of current 12 subcarriers.
Interference measurement REs / “PDSCH holes” [3]
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Special interference measurement REs (known also as “PDSCH holes”) have also been proposed to better support UE interference measurements. The idea is not new, as it had been proposed already [4] during Release 8 discussions. The basic idea is that the current Release 10 zero-power CSI-RS configurations are utilized directly for interference estimation. UE may then directly measure the interference covariance from the muted REs.
While the studies at this stage would not need to be limited to the mentioned two mechanisms, several aspects will need to be considered when comparing the different options:
· Performance: Performance should, of course, be at the primary focus of the studies. Considering that interference estimation has a direct impact on CQI reporting accuracy, one metric to be evaluated could be for example SINR estimation error. Since current CQI report is defined with roughly 2 dB granularity between the CQI indices, the estimation error should preferably remain within these bounds. Obviously, the overall impact on e.g. throughput can be evaluated as well, including both cell edge and average throughput as usual. It has to be noted here that the performance of both above-mentioned schemes is obviously dependent on the density of CSI-RS / interference measurement REs. As such, in the performance studies it would be important to compare the schemes with equal total overhead.

· Other benefits: When evaluating the enhancements, their applicability to other measurements should be considered as well. For example, while interference measurement REs can basically only be used for interference measurements, CSI-RS density increase comes with other benefits as well: For example, as is well known from Release 10 studies, current CSI-RS density is optimized for medium to high SNR. As such, current CSI-RS have problems with coping with low SNR conditions in which case the CSI-RS power is typically not enough. The impact of this is demonstrated for E-PDCCH in [6]. Hence, increasing the CSI-RS density could help with the closed-loop precoding performance of different channels, i.e. PDSCH and E-PDCCH, especially at the cell-edge where beamforming gain would be needed most. Furthermore, if coherent joint transmission CoMP is adopted such that inter-point feedback is specified, additional benefits can be claimed for the required estimation of time misalignments between the points. Finally, for UL power control as well as for Tx point association in scenario 4 it has been discussed whether CSI-RS –based RSRP measurements should be adopted. If this is the case, higher density could turn out useful.
· Specification effort: As with any enhancements, specification effort is one issue to be considered. With both above-mentioned approaches the specification effort can be considered low since the patterns would follow the patterns studied for CSI-RS during Release 10. The main aspects to be considered for these two particular schemes are therefore rather the interference estimation performance versus overhead and the applicability of the schemes to other UE measurements.
· UE estimation complexity: With CSI-RS -based approach, the UE will first have to estimate the channel and then remove the contribution of the own channel from the received signal before measuring the interference covariance. In contrast with interference measurement RE –based approach the UE could directly measure the interference covariance from the configured REs. From this perspective one could think that the interference measurement RE –based approach would be simpler for the UE. However, for the CRS-based Tx modes the UE would anyway have to implement an interference measurement scheme that is based on subtracting the impact of own channel/RS from the received signal. Also the channel will be anyway estimated from CSI-RS. So from this perspective there may not be any significant UE complexity difference between the schemes.

· Impact to legacy UEs: In both schemes the impacts to Release 10 UEs can be avoided by utilizing the already existing zero-power CSI-RS configurations, hence there is no impact to PDSCH performance of Release 10 UEs. For Release 8/9 UEs both schemes have similar impact as Release 10 CSI-RS, as was thoroughly studied during Release 10 specification.

4
Conclusions

In this contribution we have discussed the needs of enhancing interference measurements, as well as touched upon some potential solutions. We listed multiple reasons why enhancements should be studied, however further evaluation will be needed on the exact schemes.

Proposals:

· Further evaluation is needed for different ways of enhancing UE interference measurements.
· Consider aspects such as:
· Performance

· Benefits to other UE measurements

· Specification effort

· UE complexity

· Impact to legacy UEs
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