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1. Introduction
Some discussion took place in RAN1#67 on the management of CoMP measurement set. It was proposed to introduce CSI-RS based RRM measurement and reporting, e.g., RSRP, at least for the purpose of CoMP measurement set management for CSI feedback [1]. The conclusion after the discussion was as follows:
· Study the method of CoMP measurement set management for CSI feedback (according to the definition in TR36.819) considering following and revisit at the next meeting

· Study whether existing features are sufficient

· Study the need and suitability of introducing the reporting of received power measurement of CSI-RS ports:

· FFS on the impact on the power control, interference measurement

· This functionality is configurable by network
This contribution provides discussions related to the CoMP measurement set management focusing on the CSI-RS based CoMP operation. We use the following terminology in order to distinguish the sets of CSI-RS resources used for different purposes:

· CSI-RS configuration set: The whole set of non-zero-power CSI-RS resources that are signaled to a UE.

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

· CSI reporting set: The set of non-zero-power CSI-RS resources for which a UE reports the measured CSI.

2. Long-term measurement on non-zero-power CSI-RS resources
The basic question on the CoMP measurement set management is how the network can determine the transmission points (TPs) for which a CoMP UE measures and reports CSI. It is general understanding that the network selects a few TPs from which the CoMP UE receives strong signal power and then configures the “CSI measurement set” which consists of the CSI-RS resources corresponding to the selected TPs. 
As the CSI measurement set is determined based on the received CSI-RS power, it is straightforward to define a new long-term measurement, the average receiver power for example, on CSI-RS ports so that the network can determine a proper CSI measurement set based on the measurement reports. This new measurement is especially beneficial in CoMP scenario 4 where multiple TPs share the same cell ID and they are not distinguished in terms of CRS as a result. As a UE is able to separate the TPs by measuring different CSI-RS ports, it becomes possible to distinguish each TPs. The above-mentioned CSI measurement set determination is one example of the use case of this new CSI-RS-based measurement, but we can find some other advantages like the ability to measure low power RRH (as illustrated in Figure 1) and UL transmit power control targeting specific RRH(s) in CoMP scenario 4 [2, 3].
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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 [2].

An alternative solution discussed in RAN1#67 is using SRS to determine the CSI measurement set. This alternative may be implemented with the current specification but its effectiveness is not so clear. First, all the potential transmit points should listen to the SRS transmissions of all the potential CoMP UEs in order to determine a proper CSI measurement set. 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. In addition, multiple TA commands are needed for a UE’s SRS transmission if the potential CoMP transmission points require different timing advance (TA) values due to the difference among the distance from the UE as discussed in [4], but it is not clear how the related operation can be done before a proper CSI measurement set is determined.
Proposal 1: It is needed to define a new long-term measurement and report based on CSI-RS ports. 

Some concern was raised on the accuracy of the CSI-RS based long-term measurement due to the relatively low density of CSI-RS REs. The measurement RE density can be compared to the subframe-restricted RRM measurement introduced in Rel-10 eICIC. The minimum appearance frequency of the RRM measurement subframe is once in 10 ms according to [5], and this implies that 8 CRS REs (antenna port 0) are available per RB for RSRP measurement in 10 ms time duration as shown in Figure 2(a). For the CSI-RS case, if we assume 5 ms period, 2 REs are available per RB in 10 ms time duration for each CSI-RS port. This means that 4 REs are available for the measurement if we can additionally assume that most CoMP TPs are equipped with at least two transmit antenna ports as shown in Figure 2(b). It is noteworthy that a single-port TP can transmit two-port CSI-RS with no additional resource overhead.
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Figure 2. The number of REs available for (a) subframe-restricted RRM in Rel-10 eICIC and (b) CSI-RS-based long-term measurement.
The above discussion reveals that the density of CSI-RS REs is smaller but in a range comparable to that of CRS REs available in the subframe-restricted RRM measurement. Here, we need to consider two aspects in comparing the CSI-RS and CRS-based measurement. First, the SINR of CSI-RS REs can be easily improved by means of zero-power CSI-RS configuration in nearby TPs without causing significant resource wastage differently from the Rel-10 eICIC case which uses ABS configuration. This SINR improvement can compensate the reduction of the number of REs available for the measurement. Second, the required level of the measurement accuracy may be relaxed in comparison to the RRM measurement based on CRS. Considering that one of the main purposes of CRS-based RRM is to make handover decision, inaccurate RRM measurement will lead to unintended handover which causes degraded user experience and additional handover overhead/latency to correct the misjudgement. However, as long as the CSI measurement set determination is concerned, the cost of a wrong configuration is not so big; a UE will just report unnecessary CSI for a TP which does not need to be included in the CSI measurement set. Considering these points, we think that the accuracy would not be a serious problem in introducing CSI-RS-based long-term measurement. Also, acknowledging the advantages of this new measurement, we can consider an additional accuracy reinforcement method if deemed necessary.

3. The relation among the sets of CSI-RS resources
The above discussions naturally lead to the conclusion that the CSI-RS configuration set, which contains all the non-zero power CSI-RS resources configured for a UE, 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. This means that some configured non-zero-power CSI-RS resources are used only for the long-term measurement discussed in the previous section.
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 2: The CSI measurement set, for which a CoMP UE measures CSI, is the same as the CSI reporting set, for which a CoMP UE reports the measured CSI. The CSI-RS configuration set includes them.
Proposal 3: It is needed to define a limit on the number of CSI-RS resources in the CSI measurement set.
Figure 3 illustrates an example of managing the sets of CSI-RS resources discussed so far. In this example, the UE is first handed over to a cell having multiple TPs (TP1, TP2, TP3, TP4) sharing the same cell ID. After associating the target cell, the network configures the CSI-RS configuration set which includes all the TPs in the cell and UE reports, e.g., the average receive power from each TP. Based on the reported measurement, the network selects the TPs that will participate in the CoMP operation (TP1 and TP3 in this example) and indicates the UE of this CSI measurement set which is identical to the CSI reporting set. The UE then measures and reports the CoMP CSI for those TPs.
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Figure 3. An example of managing CSI-RS resource sets in CoMP scenario 4.

4. Conclusion
This contribution discussed how the network manages CoMP measurement sets. The following proposals were made based on the discussion: 
Proposal 1: It is needed to define a new long-term measurement and report based on CSI-RS ports.
Proposal 2: The CSI measurement set, for which a CoMP UE measures CSI, is the same as the CSI reporting set, for which a CoMP UE reports the measured CSI. The CSI-RS configuration set includes them.
Proposal 3: It is needed to define a limit on the number of CSI-RS resources in the CSI measurement set.
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