3GPP TSG-RAN WG1 #68
R1-120626
Dresden, Germany, 6 – 10 February 2012
Source:            MediaTek Inc.
Title:
     Interference measurement for CoMP and Rel-11
Agenda Item:   7.5.2
Document for: Discussion 
1. Introduction
Interference measurement affects CQI greatly. The mismatch between interference seen and measured from always-on non-precoded pilots (e.g., CRS) and the actual interference on data RE is a widely recognized problem and hence RAN1 #67 made the following conclusion:
· 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:

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 share our view on the specified behavior (including pilots) for UE to measure interference.  The 

interference measurement issue has at least two questions involved:

· What kind of RS can be used for interference measurement?

· How to specify which measurements to be counted as interference? 
2. CSI-RS for interference measurement
CSI-RS was analyzed for potential interference measurement in many contributions [1-7]. Compared to CRS, the main advantage for CSI-RS is that the large number of CSI-RS patterns, along with muting (i.e., zero-power CSI-RS), makes is possible to orthogonalize CSI-RS among neighbor cells or transmission points (TPs). The effectively “reuse-N>1” on CSI-RS not only makes the channel estimation to multiple TPs more accurate, but also provides possibility to account for interference in different ways to match the interference seen at data RE. For example, UE can compute the interference from out of the orthogonal CSI-RS-resource measurement set. Then depending on whether some TPs in the measurement set are coordinating in transmission or not, their contributions to the total interference can be accounted for accordingly. Such a possibility is discussed in detail in our companion paper [8]. However, even though CSI-RS provides better flexibility in counting interference, there are still several issues:  
· Issue #1: CSI-RS are broadcast from a TP, spanning the entire bandwidth, and hence they may not represent the interference a TP spreads to its neighbors, especially for interference from data REs in non full loading situation. Interference from data transmission in neighboring TPs might be difficult to be estimated accurately any way because the PDSCH can be precoded. 

· Issue #2: Out-of-measurement-set interference measurement from CSI-RS may not be as accurate as CRS-based estimation, due to the lower density (1 out of 12 subcarriers in the frequency domain for CSI-RS versus 3 out of 12 in the CRS case). Hence the channel estimation suffers and the reconstructed contribution can be inaccurate as a result, which leads to degraded interference measurement when the reconstructed desired signal is subtracted from the received signal.

Traditionally the pilots designed for channel estimation also serve the purpose of interference measurement. Defining resource just for the purpose of interference measurement must be considered carefully in term of the additional overhead. So even with the above issues, CSI-RS should still be considered first to avoid additional overhead and spec impact.
Proposal:

· Interference measurement is preferably performed based on existing pilots to avoid additional overhead. Existing non-zero-power and zero-power CSI-RS should be considered first for interference measurement, even though the low density results in increased estimation error.
3. DRS based interference measurement
DRS is a very effective means for measuring the interference actually seen at UE, and the measurement can reflect the dynamic nature of interference caused by partial loading in neighboring cells. In fact, DRS’s effectiveness, as a source for interference measurement can be seen in MMSE-IRC receiver which can significantly enhance the interference mitigation performance as long as the estimated interference spatial covariance, typically from DRS, can reflect the actual characteristics. This also attributes to the DRS density as compared to CSI-RS. 

One of the drawbacks for DRS based link adaption has been no predictability of future link quality when something changes in the transmission of serving or interference cell, such as the RB location, precoding matrix, and rank. DRS can also become outdated if the transmission is sporadic. However, similar doubt can be casted on outer-loop link adaption (OLLA) which adjusts MCS based on ACK/NACK of previous TB. Nevertheless, OLLA is still one of most effectiveness methods to deal with CQI feedback inaccuracy. 

Therefore, it seems that DRS based interference measurement should be investigated. Note that the DRS based interference measurement is readily available at the UE anyway for demodulation purpose.

Proposal:

· DRS based interference measurement should also be studied in new or modified CQI definition

4. Zero-power RE or CSI-RS  
 Due to the pilot density of CSI-RS, the estimation error may be large (issue #2 above). But if a UE just need to accumulate the interference power from a set of muted REs without having to estimate the channel first, the estimation accuracy can be very satisfactory. Hence, the possibility of using muted (i.e., zero-power) REs or zero-power CSI-RS was mentioned. 

Note that zero-power CSI-RS was designed for minimizing mutual interference among cells (unlike CRS) to create orthogonal multi-CSI-RS-resource pattern. Measuring from those zero-power CSI-RS is just measuring other cell’s CSI-RS, per Rel-10 CSI-RS configuration, unless a special zero-power RE pattern can be created in Rel-11 for the purpose of interference measurement only. In that case, it may be confusing to still name them as zero-power CSI-RS, as opposed to just referring them as “interference measurement REs”.

Interference measurement REs allow UE to accumulate the interference power directly. For example, eNBs can choose to mandate all “serving” TPs in CoMP to carry zero power on those interference measurement REs and all interference TPs to mimic the data transmission. Clearly, such interference measurement REs are only valid for a specific UE since each UE sees different interference due to different CoMP or non-CoMP schemes applied. Since those REs cannot be used for data transmission, they become additional overhead which adds up for all the UEs. For full loading scenario, it is unclear that the additional overhead is justified over the possible benefit.

Similar to DRS based interference measurement, eNB (serving or neighboring) cannot predict the CoMP (including precoding) scheme to be applied in the future. Also, the transmission coordination on the interference measurement REs may not be feasible or effective all the time. Moreover, if only interference power is of interest to CQI definition, a low density pattern similar to that of CSI-RS may be sufficient. But if the interference covariance characteristic is also to be estimated, the issue of low density measurement REs will also degrade the performance. 

 Proposal:

· Zero-power RE dedicated for interference measurement, either UE specific or cell-specific, may be useful in some cases, but additional overhead needs to be justified.   

5. Conclusion 
In this contribution, we discuss the behavior (including pilots) to be specified in Rel-11 for UE to measure interference. The interference measurement issue has at least two questions involved:

•
What kind of RS can be used for interference measurement?

•
How to specify which measurements to be counted as interference?
Our view is: 

· Interference measurement is preferably performed based on existing pilots to avoid additional overhead. Existing non-zero-power and zero-power CSI-RS should be considered first for interference measurement, even though the low density results in increased estimation error.

· DRS based interference measurement should also be studied in new or modified CQI definition

· Zero-power RE dedicated for interference measurement, either UE specific or cell-specific, may be useful in some cases, but additional overhead needs to be justified.   
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