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1. Introduction
In RAN1#67 meeting, a few issues regarding interference measurement for CoMP CSI feedback were discussed and the following conclusions and agreement were made:
Conclusions:

- 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. 
According to the above conclusions and agreement, most companies recognize that a new interference measurement method for CoMP CSI feedback is needed and that CRS alone is not enough to measure interference because it has many identified problems which are critical to support CoMP operation [2][3]. In this document, we focus on an alternative interference measurement method based on zero-power CSI-RS and related issues that should be considered when using zero-power CSI-RS for CoMP interference measurement. Basically, we do not preclude new muting resources but the tradeoff between additional overhead caused by the new resources and performance enhancement and impacts on legacy UEs should be studied carefully first. 
In section 2.1, we discuss muting resources to be used for interference measurement and divide zero-power CSI-RS based approach into two ways based on whether it is configured UE-specifically or cell-specifically, and then in section 2.2 we list a few considerations on the required density of zero-power CSI-RS REs.
2. Discussion

According to WF in RAN1#67 [1], there are three types of configurable UE-specific resources for interference measurement: muting resources, non-zero-power CSI-RS, and combination of the both.  Among the three, we focus on interference measurement based on muting resources. As stated in [3], only non-zero-power CSI-RS based approach seems not reasonable due to the low density of CSI-RS.
2.1. Muting resources
One possible way to measure interference is that UEs use muting resources on which some or all of cooperating transmission points including a serving point do not transmit any signal so that there are only interference signals that cannot be mitigated by CoMP operation. 
New muting resource could be considered for this functionality instead of zero-power CSI-RS, but it seems more reasonable to utilize existing resource, i.e., zero-power CSI-RS, in order to minimize specification impact if there is no serious problem from it. More importantly, since introducing new muting resources can lead to a rate matching problem of all legacy UEs, it may degrades their performance. On the other hand, if zero-power CSI-RS is used, at least Rel-10 UEs are able to be free from the rate matching problem. 
Proposal 1: it is preferred to use zero-power CSI-RS REs for the purpose of interference measurement
In the zero-power CSI-RS based approach, UE measures interference from a zero-power CSI-RS resource where a set of transmission points mutes the resource intentionally [3]. In this contribution, we define the following two terminologies to explain the zero-power CSI-RS based approach more clearly and further discuss the zero-power CSI-RS based approach based on whether interference measurement zone is set UE-specifically or cell-specifically.
- Interference muting set: the set of transmission points or cells that mute the same REs together 
- Interference measurement zone: the set of REs from which UE measures interference
· UE-specific interference measurement zone
If interference measurement zone is set UE-specifically, the interference muting set for that zone can be optimized by reflecting interference and coordination condition of the UE. Thus, no further adjustment on the measurement would be required. Also, this approach is applicable independently to the cell-ID, so even different transmission points sharing the same cell-ID in CoMP scenario 4 can separately conduct muting at the same resource. However, resource overhead for muting can be a serious problem which will be discussed below.
In Figure 1, different interference sources influence the two UEs, respectively, since different CoMP schemes can be applied to each UE, depending on channel and network condition. For example, UE1 needs to measure interference from transmission point B and C since non-CoMP scheme or DPS is applied while UE2 needs to measure interference from transmission point C only since it benefits from JT of transmission point A and B. In this case, transmission point A should provide a zone for UE1 where transmission point A mutes but transmission point B and C transmit signals. For UE2, different muting zone is required where transmission point A and B mute together but transmission point C transmits signals. In this sense, it is desirable to set interference measurement zone UE-specifically. 
In the example of Figure 1, each transmission point needs to mute four CSI-RS resources at most to support UEs with various interference and coordination circumstances as shown in Figure 2, where muted REs are colored yellow on which the interference muting set is marked. UE2 in Figure 1, for example, would be configured to measure interference in the REs marked by blue box in Figure 2 where interference from transmission point C exists only. Also, UE1 measures interference in the REs marked by red box.
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Figure 1. Interference sources dependent on UE
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Figure 2. An example of zero-power CSI-RS resources
As stated in [3], overhead from the UE-specific RE muting increases exponentially as the number of cooperating transmission points increases linearly. The resource overhead would be marginal if a transmission point may coordinate with few transmission points but otherwise it would be heavy. Accordingly, in heterogeneous networks such as CoMP scenario 3/4, resource overhead for muting in low power RRH side might be marginal because the low power RRH may coordinate with a macro-point plus few low-power RRHs. However, resource overhead for muting in macro-point side can be significant because all low power RRHs would be the candidate coordinating points from the macro-point perspective.
Observation 1: Resource overhead for UE-specific interference measurement zoning depends on the num-ber of potentially coordinating points so that it can be significantly high from high-power point perspective in CoMP scenario 3/4.
· Cell-specific interference measurement zone
One possible approach to reduce the resource overhead is to set the interference measurement zone cell-specifically. In this approach, all UEs in a cell measure interference on pre-determined REs that all transmission points within the cell mute together. Accordingly, the interference muting set includes all transmission points within the cell. Resource overhead for muting can be minimized from this approach since only one CSI-RS resource is needed to be muted for all transmission points. In figure 2, for example, all three transmission points needs to mute only one CSI-RS resource corresponding to the interference muting set {A, B, C}. 
Since the interference circumstance is different per UE, however, further adjustment on the measurement could be needed to take into account inner-cell inter-point interference and cooperative transmission among transmission points belonging to different cell-ID. One possible solution for the adjustment is to listen in the channel of interference sources as described in section 2.2.
In summary, we compare the UE-specific and cell-specific interference measurement zoning in Table 1. Further investigation is required related to which approach is more beneficial. 

Table 1. Comparison between UE-specific and cell-specific interference measurement zone

	
	UE-specific interference measurement zone
	Cell-specific interference measurement zone

	Pros
	· No need to adjust the result further

· Robust application to various scenarios
	· Negligible resource overhead for muting

· Robust application to various scenarios 

	Cons
	· Moderate or large resource overhead for muting
	· Need to adjust the measurement further


Observation 2: Resource overhead for cell-specific interference measurement zoning is negligible. However, the measurement needs to be adjusted further according to the interference and coordination circumstance of UE.

2.2. Interference adjustment
If all possible interference muting sets are supported in network side as shown in Figure 2, zero-power CSI-RS alone is sufficient to measure proper interference because network can configure UE to measure interference on the REs on which its coordinating points mute. This is exactly the case where eNB sets UE-specific interference measurement zone with all possible interference muting sets, which is described in Section 2.1. If not, i.e., in the case of cell-specific interference measurement zone or UE-specific interference measurement zone with few parts of possible interference muting sets, it is necessary to adjust measured interference. For example, in the case of cell-specific interference measurement zone, the interference muting set may always include all the transmission points within the cell as introduced in section 2.1 so measured interference needs to be adjusted by adding interference from non-cooperative points within the cell.
In [3], an interference adjustment approach, in which UE listens to CSI-RS and/or CRS transmitted from interfering point(s) to add or subtract some interference from measured interference, was introduced. The baseline measurement to be adjusted in this way could be zero-power CSI-RS-based measurement instead of the CRS-based measurement as described in [3]. When we use measured interference from zero-power CSI-RS resources as a baseline, the result will take interference outside the interference muting set into account. Accordingly, UE can add interference from some transmission points within the interference muting set by listening to non-zero-power CSI-RS or CRS of these points. Also, UE can subtract interference from some coordinating points outside the interference muting set in the same way. 
For the interference adjustment, UE does not need to know the interference channel itself but rather its power. Therefore, performance requirements for the interference listening can be far below that for the CSI measurement so that CSI-RS muting for the purpose of cleaner listening might not be necessary. 

Alternatively, instead of UE, network can adjust the interference by adding or subtracting proper interference sources. If network compensates the reported CQI, which is measured by zero-power CSI-RS, by using long-term channel information of other cells such as RSRP, then specification issues are simplified at the cost of fine interference adjustment.

2.3. Consideration on Zero-power CSI-RS RE Density
According to Rel-10 specification, only 4 ports zero-power CSI-RS can be configurable. In the perspective of minimizing specification impact, it is good to use 4 ports zero-power CSI-RS for interference measurement but 2 ports zero-power CSI-RS also can be considered if it provides sufficient interference measurement performance. In other words, if 4 ports density is unnecessarily high, overheads from muting resources can be reduced by introducing 2 ports zero-power CSI-RS in the same way as 4 ports zero-power CSI-RS. In 2 ports zero-power CSI-RS based approach, Rel-10 UE can conduct adequate rate matching by utilizing 4 ports zero-power CSI-RS configuration if a pair of 2 ports RE positions exactly matches one of 4 ports CSI-RS RE positions. This is possible because the hierarchical structure of CSI-RS RE position. Even if only the half of 4 ports CSI-RS RE is used for 2 ports zero-power CSI-RS, Rel-10 UE can still conduct coarse rate matching by recognizing 2 ports zero-power CSI-RS as 4 ports zero-power CSI-RS.
Another issue related to zero-power CSI-RS density is the period of zero-power CSI-RS, which has an effect on the accuracy of measured interference. For example, during 10 subframes, if multiple zero-power CSI-RS REs are located only in one subframe, measured interference can be not accurate enough to show proper averaged interference power. This is because precoding matrix of each of cell can be  changed frequently even in a slow fading channel environment since scheduling occurs in every TTI and it makes inter-point or inter-cell interference bursty, which means the information of instantaneous interference is not useful. Even though the density of zero-power CSI-RS is fixed, the performance of interference measurement can be enhanced by allocating zero-power CSI-RS over different subframes and averaging it.

Proposal 2: It is good to consider 4 port zero-power CSI-RS as muting RE for interference measurement but the possibility of using 2 port zero-power CSI-RS should not be ruled out. 
3. Conclusion
In this document, we discuss zero-power CSI-RS based approach and analyze merits and demerits of UE specific zero-power CSI-RS configuration and cell-specific zero-power CSI-RS configuration, respectively. Also, the density and period of zero-power CSI-RS is discussed. In summary, we draw the following observations and proposals.
Proposal 1: it is preferred to use zero-power CSI-RS REs for the purpose of interference measurement
Proposal 2: It is good to consider 4 port zero-power CSI-RS as muting RE for interference measurement but the possibility of using 2 port zero-power CSI-RS should not be ruled out. 
Observation 1: Resource overhead for UE-specific interference measurement zoning depends on the num-ber of potentially coordinating points so that it can be significantly high from high-power point perspective in CoMP scenario 3/4.
Observation 2: Resource overhead for cell-specific interference measurement zoning is negligible. However, the measurement needs to be adjusted further according to the interference and coordination circumstance of UE.
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