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1 Introduction

In RAN1 #67 in San Francisco, November 2011, the following is agreed for interference measurement in Rel-11:
Conclusions from RAN1#67:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone are not satisfactory for Rel-11.

Agreement from RAN1#67:

Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 

Study further until RAN1#68 which REs to use.
In this contribution, we discuss alternatives of interference measurement (IM) following the above agreements.
2 Purposes of Rel-11 Interference Measurement
The drawbacks of Rel-8 CRS based IM have been discussed extensively in RAN1 #67, which includes small reuse factor (interference overestimation due to CRS collision), applicability in CoMP scenario 4 and extension carrier, lower accuracy with more MBSFN subframes, and more. Therefore, one purpose of Rel-11 IM is certainly to improve IM accuracy, especially under the new deployment scenarios.
Another reason to introduce Rel-11 IM is due to the need to support flexible CoMP operations. In RAN1 #66b in Zhuhai, it is agreed to standardize a common feedback framework that can support various CoMP operations including JT, CB, and DPS. Such objective is quite challenging especially from IM perspective. For example, in figure 1, JT and single cell operation in CoMP scenario 2 are described, respectively. It is quite obvious that for JT transmission, the power from cell #3 is counted as interference. But for single cell transmission, power from cell #2 and #3 are taken as interference. Rel-8 CRS based mechanism enables only single cell transmission IM, but does not work well with JT transmission IM. We note that for CB and DPS, even different interference assumptions may be needed. Therefore it is quite challenging to design Rel-11 IM that enables flexible CoMP operations.
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Figure 1. Interference assumptions are different for JT transmission and single cell transmission.

We note that if Rel-11 IM can measure interference power per transmission point (or per CSI-RS-resource in spec), then it is much easier to enable flexible CoMP operations, because the UE can easily calculate interference assuming different CoMP transmission schemes. Therefore, per-TP IM seems a preferred property of Rel-11 IM.
Therefore, we summarize the purposes of Rel-11 IM as following.
· To improve IM accuracy under both legacy but especially new deployment scenarios

· To enable flexible CoMP operations

· Strive for a unified framework for both single cell and various CoMP operations
· Consider if possible to estimate interference per transmission point.
3 Active Measurement vs. Passive Measurement
There are two main categories of IM: active measurement and passive measurement. For active measurement, eNB actively transmit certain REs just for IM purposes. For passive measurement, eNB passively mute certain REs for IM purposes. To reduce standardization effort and avoid impact to legacy UEs, it seems reasonable to reuse Rel-10 CSI-RS REs for both active and passive measurement. In such cases, active measurement corresponds to IM-specific CSI-RS, and passive measurement corresponds to zero-power CSI-RS.
3.1 Active Measurement (IM-specific CSI-RS)
For active measurement, the eNB may transmit REs for IM purpose. Those REs may reuse Rel-10 CSI-RS configurations. For IM purpose, those IM-specific CSI-RS may be actually precoded to better reflect PDSCH interference power, where such precoding is transparent to UE. Using this mechanism, each TP requires only one CSI-RS port for IM purpose, regardless of the number of CSI-RS port of that TP. Therefore, quite low overhead can be expected for IM-specific CSI-RS. It is obvious that UE can estimate power from each TP respectively, which implies flexible CoMP operation.
Another discussion point of IM-specific CSI-RS is the spatial reuse of the REs. It is possible to assign the port of each TP with different CSI-RS configurations (time-frequency positions), which enables accurate power estimation but more overhead due to less spatial reuse. Another possibility is to configure all IM-specific CSI-RS with the same CSI-RS configurations, where the power of each TP is estimated through different scrambling. The second possibility causes less accurate power estimation but much less overhead due to full spatial reuse among IM-specific CSI-RS. The scrambling of IM-specific CSI-RS may be different for different TPs; it could be FFS if configurable same scrambling can be applied to use OCC among IM-specific CSI-RS.
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Figure 2. A possible configuration of IM-specific CSI-RS
The operation of IM-specific CSI-RS is quite simple. In general, IM-specific CSI-RS are transmitted independent from CoMP transmission schemes and UE configuration. The UE may be configured to estimate on certain IM-specific CSI-RS port to obtain corresponding interference power, and then calculate CQI accordingly. 
3.2 Passive Measurement (zero-power CSI-RS)
Passive measurement implies IM based on RE muting. As the most promising example, zero-power CSI-RS has been slightly discussed in RAN1 #67. We note that zero-power CSI-RS can not enable interference power estimation per TP, because interference from multiple TPs can not be separated based on zero-power CSI-RS. Consequently, in order to support flexible CoMP operations, the interference assuming different CoMP schemes has to be measured on the different CSI-RS configurations, such as in Figure 3.
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Figure 3: Different zero power CSI-RS configurations used from different CoMP transmission schemes

There are also several discussion points regarding zero power CSI-RS. First the needed number of CSI-RS configurations increase linearly with the number of possible CoMP transmission schemes. An exhaustive list of possible CoMP transmission schemes seems causes excessive overhead. Therefore, what kind of muting should be configured should be carefully selected. And, how to spatial reuse the muted REs are not so clear at this stage.
4 Conclusions

In this document, we discussed interference measurement in Rel-11. We list the purpose of Rel-11 IM as:
· To improve IM accuracy under both legacy but especially new deployment scenarios

· To enable flexible CoMP operations

· Strive for a unified framework for both single cell and various CoMP operations
· Consider if possible to estimate interference per transmission point.

To reduce standard effort and avoid impact to legacy UEs, we also propose:
· Use Rel-10 CSI-RS REs for Rel-11 interference measurement

At this stage, the performance and operation image of active measurement and passive measurement are not so clear yet. In general, IM-specific CSI-RS can be transmitted without considering UE CoMP hypothesis (i.e., CSI-RS-resource specifically transmitted), although the IM-specific CSI-RS can be UE-specifically configured. Therefore the overall operation is quite neat and flexible CoMP operations can be enabled. One possible drawback of IM-specific CSI-RS is how to estimate noise part of the total interference, which may need the help of zero-power CSI-RS. 

On the other hand, as shown in section 3.2, the interference power estimated based on zero-power CSI-RS is specific to a certain CoMP hypothesis. Because CoMP hypothesis is specific to a UE, the transmission of zero-power CSI-RS is UE specific. Consequently zero power CSI-RS as IM reference resource can be used by only specific UEs, which is not friendly to overall network operation. Either excessive overhead or flexibility of CoMP operation may occur. The zero-power CSI-RS may has advantage on noise power estimation though. Therefore we propose:
· Study both IM-specific CSI-RS and zero-power CSI-RS in parallel, and further choose one or a combination of them as Rel-11 IM mechanism in later meetings
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