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1. Introduction
It was agreed in RAN1#66bis to “allow multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback.” The next step on CSI-RS configuration in support of CoMP is to define the signaling structure of the multiple CSI-RS resources and to identify the usage of those multiple CSI-RS resources. We use the following terminology in order to distinguish the sets of CSI-RS resources used for different purposes:
· CSI-RS configuration set: A whole set of non-zero-power CSI-RS resources that are signaled to a UE.

· CSI measurement set: A set of non-zero-power CSI-RS resources on which a UE performs CSI measurement to derive CSI feedback information.

· CSI reporting set: A set of non-zero-power CSI-RS resources for which a UE reports the measured CSI.
In this contribution, we provide our views on the measurement metrics, configuration method, and the relationship of the above-mentioned sets of CSI-RS resources.
2. Discussions
2.1. Long-term measurement on non-zero-power CSI-RS resources
One discussion topic in RAN1#66bis was whether to support any measurement metric other than CSI on non-zero-power CSI-RS [1]. To be specific, there were some proposals to consider a new long-term measurement on CSI-RS for the purposes including the pathloss measurement for UL power control and the average receive RS power measurement for each RRH in CoMP scenario 4. For UL power control in CoMP scenario 4, as indicated by a number of contributions [e.g., 2-4], the CRS-based pathloss measurement is not suitable for the power control formula because CRS is likely to be transmitted in an SFN-like manner from all the points in the cell while a UL transmission can target only a subset of reception points in the cell. In order to support the point-specific UL power control in Rel-11, it is necessary to define a new long-term measurement on an RS which is assigned to the target reception point, and CSI-RS seems to be the most straightforward choice. This implies that the network configures a UE with non-zero-power CSI-RS resource(s) that are assigned to the target reception point(s) and the UE performs long-term measurement to derive the pathloss parameter to be used for UL power control.
Another use case of such new long-term measurement is the identification of the long-term channel status between the UE and a particular transmission point which shares the same cell ID with other points in CoMP scenario 4. Noting that the CSI measurement set for CoMP operation is expected to be determined by RSRP/RSRQ measurement report from a UE in CoMP scenarios 1, 2, and 3, reporting this new measurement enables the network to adopt the same approach for the CSI measurement set determination in CoMP scenario 4. The network can identify which transmission points within a cell should be involved in the CoMP transmission to a particular UE based on the new measurement report. There were some other proposals for the CSI measurement set determination in CoMP scenario 4 like using UL signal measurement or using CQI report, but there also exist some limitations in those proposals. For using UL signal measurement, all the transmit points should listen to all the potential CoMP UEs in order to determine a proper CSI measurement set determination. This causes some UL resource wastage because all the points should blank the corresponding UL resources in order to measure a potential CoMP UE’s UL transmission. Furthermore, it is not clear whether this approach can provide robust measurement in HetNet cases because a UE whose UL transmission targets a nearby low power node cannot reach a potential CoMP transmission point having high power by using the UL transmission power which is controlled according to the pathloss from the receiving low power node. For relying on CQI report, UE should measure and report CSI for all the potential CoMP transmission points, which lead to excessive measurement processing complexity and CSI feedback overhead. From this perspective, it is necessary to define a new long-term measurement on CSI-RS with which the network can determine the CSI measurement set.
In addition, this new measurement is also beneficial in that it enables for a cell having multiple RRH to identify which UE in the neighboring cell is closely located to which transmission/reception point. Figure 1 compares the UE measurements on a low-power node in Rel-10 eICIC and Rel-11 CoMP scenario 4. As shown in Figure 1(a), Rel-10 eICIC provided a solution to measure a low-power node by means of almost blank subframe and restricted measurement in order to facilitate UE location management and handover decision. Thus, it is natural to provide a similar enabler in Rel-11 CoMP scenario 4 in which the backhaul link between a low-power node and a high-power node is replaced with high capacity link as shown in Figure 1(b). This measurement report can be useful in doing X2-based ICIC among CoMP clusters as discussed in [5]. For example, UE A transmission that causes UL interference to node 2 can be easily identified by the overload indicator from cell 1 and UE A measurement report. Also, this report is necessary to test whether the UE correctly performs the CSI-RS-based pathloss measurement to be used for the UL power control.
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Figure 1. UE measurement on a low-power node in (a) Rel-10 eICIC and (b) Rel-11 CoMP scenario 4.
Proposal 1: It is needed to define a new long-term measurement on non-zero-power CSI-RS resources.
2.2. Dependency among the configuration parameters of the CSI-RS resources
One question raised during RAN1#66bis was whether to impose some restriction on the configuration parameters (e.g., period, offset, etc) of the multiple non-zero-power CSI-RS resources. As discussed above, some CSI-RS resources within the CSI-RS configuration set are used for the long-term measurement, not for the CSI measurement, so it is not desirable to have such restriction in the CSI-RS resources configured with different purposes. Even when the scope is limited to the CSI measurement set, it is still unclear what benefit can be provided by such restriction, especially when the network intends to use DPS for the CoMP transmission scheme; the network just configures the CSI-RS of each point in consideration of the communication environment of that point. In Rel-10, zero-power CSI-RS can have different period and offset from non-zero-power CSI-RS, and it is our understanding that this possibility was introduced in order to support different periods and offsets of CSI-RSs among nearby transmission points.
One issue to be considered in this topic is the requirement on the channel measurement buffer. For CS/CB and JT, the CSI feedback may need to be derived by observing multiple CSI-RS resources simultaneously even when per-resource feedback is adopted. One example would be the subband selection in which the same subband needs to be selected for all the points participating in the CoMP CS/CB and JT as discussed in [6]. In this case, if different CSI-RSs are transmitted in different subframes, UE has to store the CSI-RS transmitted in advance by using additional memory space. If there is considerable impact on the UE implementation, we can consider imposing some restriction in configuring CSI-RS resources for which UE measures CSI targeting CS/CB and JT.
Proposal 2: The possibility of independent CSI-RS configuration needs to be supported. FFS on whether some restriction is needed for CSI-RS resources from which UE derives CSI targeting CS/CB and JT.
2.3. The size of sets of CSI-RS resources
The above discussions naturally lead to the conclusion that the CSI-RS configuration set includes the CSI measurement set, but the two sets are not the same in general. In other words, UE does not derive CSI for a certain set of non-zero-power CSI-RS resources signaled by the network.
The next question would be the relationship between the CSI measurement set and the CSI reporting set. The CSI reporting set might be smaller than the CSI measurement set if a kind of CSI-RS resource selection is introduced at the UE side to determine the set of CSI-RS resources of which CSIs are actually reported. A typical example of such selection is for a UE to down-select a few CSI-RS in good channel condition out of a number of CSI-RSs in the CSI measurement set. In some sense, this operation can be interpreted as UE-side DPS. This approach might be beneficial in terms of CSI feedback overhead reduction, but its performance is not clear because there are a couple of parameters to be considered in the transmission point selection like the UE population, UE buffer size, etc. As UE is not aware of those parameters, it is desirable for the network to determine the set of actual transmission points. This supports that the CSI measurement is the same as the CSI reporting set, i.e., UE reports all the CSI measured in the CSI measurement set. Due to the limitation in the UE implementation, it is natural to have an upper bound on the number of CSI-RS resources in the CSI measurement set. For example, we can define a limit that a CoMP UE is able to perform CSI measurement on up to three CSI-RS resources.
Proposal 3: The CSI measurement set is the same as the CSI reporting set. The CSI-RS configuration set includes them.
Proposal 4: It is needed to define a limit on the number of CSI-RS resources in the CSI measurement set.
3. Conclusion
We discussed in this contribution several issues to be considered in supporting multiple non-zero-power CSI-RS resources for CoMP operations. The following was proposed based on the discussion:
Proposal 1: It is needed to define a new long-term measurement on non-zero-power CSI-RS resources.

Proposal 2: The possibility of independent CSI-RS configuration needs to be supported. FFS on whether some restriction is needed for CSI-RS resources from which CSI targeting CS/CB and JT is derived.
Proposal 3: The CSI measurement set is the same as the CSI reporting set. The CSI-RS configuration set includes them.
Proposal 4: It is needed to define a limit on the number of CSI-RS resources in the CSI measurement set.
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