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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/point 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 in 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
Interference measurement schemes
Our view is that there should be one new transmission mode for Release 11 that will support both single-point and multi-point transmissions [3]. CoMP measurement set will be configured in a UE specific manner, and the UE will do interference measurements according to the configured CoMP measurement set. From UE implementation perspective it would be highly desirable if the interference measurement could follow unified principles and methods, independently of whether the UE is configured with CoMP measurement set size of 1, 2 or 3 points or of the configured CoMP scheme. Such an approach will minimize UE complexity in terms of different algorithms to be supported. 
Proposal:

· Target unified interference measurement schemes for single- and multi-point transmissions.
In the contributions submitted to RAN1#66bis, mainly two ways of enhancing the UE interference measurements have been discussed:

· Utilization of zero-power CSI-RS

· Utilization of non-zero-power CSI-RS with increased density

In this contribution we compare these two schemes on conceptual level. In the companion contribution [4] we provide evaluation results on the performance of the two schemes. In section 3.1 we provide an overview of the two above-mentioned schemes mainly from the perspective of having CoMP measurement set size 1, and in section 3.2 we  provide details on how the interference measurements can be extended to larger CoMP measurement sets according to the above proposal.
3.1
Overview of schemes
The interference can be measured either from separately configured zero-power CSI-RS, or from non-zero-power CSI-RS in which case the CSI-RS density would likely have to be increased. In the first case, the UE would measure interference directly by measuring the interference power seen at the zero-power CSI-RS RE locations. In the latter case, the UE would reuse the Release 10 algorithm where the channel corresponding to the CSI-RS resource is estimated first and then the impact of CSI-RS transmission is cancelled away before measuring the power of the residual interference.
Interference measurements from zero-power CSI-RS

Utilizing zero-power CSI-RS for interference measurements has been proposed for example in [5]

 REF _Ref305418940 \r \h 
[6]

 REF _Ref305418941 \r \h 
[7]. The zero-power CSI-RS for interference measurements would be configured for the UE separately from non-zero-power CSI-RS. Essentially the support for the configuration signaling already exists in the specifications hence specification impact comes mainly from defining the correct reference for interference measurements and corresponding CSI reporting performance requirements (in RAN4). The main drawback compared to utilizing non-zero-power CSI-RS is that these resource elements would be used solely for purposes of interference measurement, not supporting any other UE measurements. The current zero-power CSI-RS patterns are following the non-zero-power CSI-RS patterns such that four-port non-zero-power CSI-RS pattern needs to be utilized at a minimum. Further specification impact may be needed if it is desired to modify the density to be configured for interference measurement on zero-power CSI-RS, for example if more density is desired.
Interference measurements from non-zero-power CSI-RS

As mentioned, the density of current non-zero-power CSI-RS is not enough for proper interference estimation. Hence if non-zero-power CSI-RS are to be adopted for interference estimation, the density will need to be increased. Luckily, most of the specification work for increased density patterns was done already during Release 10, and hence it is very straightforward to extend current patterns to 2 REs / port / PRB. Essentially only the resource mapping and hence the meaning of RRC parameter resourceConfig need to be modified. In Appendix A we show the increased density patterns for normal CP case.
Impact on legacy UEs can be avoided by configuring zero-power CSI-RS resources to the Release 10 UEs on the Release 11 CSI-RS locations. This is illustrated in Figure 1.
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Figure 1. Example of zero-power CSI-RS configuration to avoid legacy impacts.
Utilizing non-zero-power CSI-RS rather than zero-power CSI-RS for interference measurements might imply slightly higher overhead in some cases, however it is noted that many other UE measurements in Release 11 would also benefit from increased CSI-RS density:
· CSI measurements at low SNR: Already during Release 10 studies it was evident that CSI-RS density of 1 RE / PRB / port is optimized for medium-to-high SINR, while the performance at low SINR was of less concern. Consequently, CSI (PMI) estimation performance at low SINR is currently weak and could be improved. Especially considering that E-PDCCH is now being standardized and should be robust also in low SINR cell edge conditions, it would be highly desirable that CSI-RS would provide sufficient CSI measurement support also at low SINR conditions.
· CSI-RS RSRP measurements have been mentioned as one possibility for CoMP measurement set management, Tx/Rx point association and uplink power control (if modifications are deemed to be needed for UL PC). RSRP measurements are currently done based on CRS which have significantly higher density than CSI-RS; still RSRP measurements are known to be highly inaccurate. Hence, it should be studied whether CSI-RS, especially without any increase in RE density, are applicable for RSRP measurements from accuracy point of view.

Furthermore, the discussion about supported CoMP schemes is still ongoing, and many companies support specifying inter-CSI-RS-resource phase information feedback for coherent JT purposes. What seems to be most of the time forgotten however is that timing misalignments between multiple points will induce fast phase rotations that can not be compensated with subband-based inter-CSI-RS-resource phase feedback only. In order to capture such timing misalignments for the coherent JT feedback purposes, CSI-RS –based timing measurements would be needed. It is rather unclear whether current CSI-RS would be sufficient for this purpose.
Proposals:
· Consider applicability of both non-zero-power and zero-power CSI-RS for interference measurements.

· Evaluate the solutions from full system operation perspective rather than focusing on interference measurements alone.
3.2
Interference measurements for CoMP
For CoMP measurement sets of size larger than one point, required interference estimate will depend on the hypothesis about the utilized CoMP scheme. For example, let us consider a case with CoMP measurement set of three configured CSI-RS resources. We also assume a linear receiver filter g, and denote the interference matrix that corresponds to the interference and noise from outside of the CoMP measurement set by RI. Then, conceptually the SINR (that maps to CQI) for joint transmission from all points in the CoMP measurement set can be estimated as follows:
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Similarly, for dynamic point selection without blanking the SINR can be estimated as follows (assuming point 0 as the transmitting/selected point):
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Here, the interference is thus formed using both channel and interference estimates. Note that single-point CQI can be calculated similarly. For dynamic point selection with blanking the corresponding expression is as follows:
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The interference coming from outside of the CoMP measurement set is common to all CoMP schemes and can be measured. Furthermore, UE can estimate channels corresponding to all CSI-RS resources within the CoMP measurement set. With these measurements, UE may estimate CQI according to any CoMP transmission hypothesis. For estimating RI, the UE needs to be able to assume that interference seen at the CSI-RS resources that are used for interference estimation (non-zero-power or zero-power CSI-RS) actually corresponds to the interference coming from outside the CoMP measurement set. UE can also measure the channels Hi for the CSI-RS resources within the CoMP measurement set.
It is noted that such method of adding interference from a given symbol stream to an interference covariance representing outer interference is already used by Release 8 UEs for example for single-user MIMO CQI with two codewords where the interfering stream(s) always need to be counted as interference. Another example where a similar CQI computation would be needed is multi-user CQI where one or multiple streams are considered as intra-point interference and summed with estimated inter-point interference. Now, instead of adding intra-point interference to inter-point interference, UE would be adding intra-measurement set interference to outer-measurement set interference. As such the method is simply a natural extension of what is already typically implemented in the UEs.
Furthermore, as seen from above equations, it is noted that in fact channel estimation errors will dominate in the CoMP interference estimation for the CoMP transmission hypotheses in which some CSI-RS resources within the CoMP measurement set are counted as intra-measurement set interference. From this perspective it is also very important to ensure proper channel estimation from CSI-RS.

Proposals:
· UE measures interference based on configured non-zero-power or zero-power CSI-RS resources.
· UE may assume in CQI computation that the measured interference corresponds to interference coming from outside of the CoMP measurement set. 
· This includes the case where CoMP measurement set consists of one CSI-RS resource.

· For CQI computation, depending on the CoMP transmission hypothesis, the UE may need to take additional intra-measurement set interference into account.
4
Conclusions

In this contribution we have discussed the need of enhancing interference measurements in Release 11 as well as potential solutions for that. First, we see a need to support both single- and multi-point CQI reporting with similar measurements:

Proposal:

· Target unified interference measurement schemes for single- and multi-point transmissions.
For the potential solutions, we identified using non-zero-power or zero-power CSI-RS for interference measurements, however further evaluation is needed to decide on the exact solution:
Proposals:

· Consider applicability of both non-zero-power and zero-power CSI-RS for interference measurements.

· Evaluate the solutions from full system operation perspective rather than focusing on interference measurements alone.
Independently of whether non-zero-power or zero-power CSI-RS are used for measuring the interference, our view is that both single- and multi-point CQI measurements can be done using similar procedures. However this requires that the UE can assume that the measured interference corresponds to interference coming from outside of the CoMP measurement set:
Proposals:

· UE measures interference based on configured non-zero-power or zero-power CSI-RS resources.
· UE may assume in CQI computation that the measured interference corresponds to interference coming from outside of the CoMP measurement set. 
· This includes the case where CoMP measurement set consists of one CSI-RS resource.

· For CQI computation, depending on the CoMP transmission hypothesis, the UE may need to take additional intra-measurement set interference into account.
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Appendix A – Increased CSI-RS density patterns

CSI-RS patterns with increased density of 2 RE / port / PRB for normal CP are shown in Figure 2. The patterns are simple extensions of current 1 RE / port / PRB with frequency spacing of 6 REs, as discussed during Release 10 studies.
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Figure 2. CSI-RS patterns with 2 RE / port / PRB density for normal CP.
