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1. Introduction

From TR36.819, the concept of CoMP measurement set and RRM measurement set was defined as:
· CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported 
· The UE reports may down-select points for which actual feedback information is transmitted
· RRM measurement set: The set of cells for which the RRM measurements are performed (already in Rel-8). Additional RRM measurement methods can be considered e.g. in order to separate different points belonging to the same logical cell entity or in order to select the CoMP measurement set.
As we can see that the CoMP measurement set directly related to the reporting feedback overhead. In CoMP scenarios, macro-eNB and RRHs either share the same cell ID or pocess different cell IDs.  For better CoMP performance, appropriate point selection and accurate CSI feedback from UE to eNB are necessary.  To provide better point selection, large CoMP measurement set is required so that CSI from more points can be compared.  Nevertheless, due to large CoMP measurement set, there is an issue of large CSI feedback overhead if all measurements need to be reported from UE to eNB.  For example, if there are 5 points in the measurement set, CSI feedback overhead increases by at least 5 times more than that in Release 10 but actual CoMP operation may require CSI information for 2 points only.  If the physical container of CSI feedback is not further enlarged to accommodate more CSI information in one shot, the CSI feedback for multiple points will prolong for a long time and the reported CSI information may not be valid after such a long feedback time.  
In Rel-8/9/10 there is no notion of transmission points other than logical cell. The fact that CoMP scenario #4 differentiates logical cell from transmission points makes the discussion of CoMP measurement possibly related to RRM measurement, for example if selection of transmission points in the same logical cell is needed in mobility procedure.  
This paper discusses related issues and provides our views.


2. CoMP Measurement Set and Reporting Set for CSI
In RAN1 #66bis, it has been agreed as a working assumption that multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signaling at least for CSI feedback are allowed [1].  However, there is no further agreements on the definition of measurement set and reporting set for CSI in RAN1 #67.  Based on our understanding, the configured non-zero-power CSI-RS resources constitute the CoMP measurement set for a specific UE, otherwise it is not necessary at the first hand to configure those CSI-RS ports for the UE to measure or monitor.  In other words, the CoMP measurement set can be implied as the same as all the CSI-RS resources signaled in the UE-specific CSI-RS configuration. However, there are still two remaining open issues.
1. What is the reasonable size of CoMP measurement set to provide good CoMP performance without frequent CSI-RS reconfiguration?
2. Should CoMP reporting set be the same as CoMP measurement set?
For the first issue, larger CoMP measurement set requires fewer CSI-RS reconfigurations but more UE measurements or monitoring.  Considering UE’s mobility, a reasonable size of CoMP measurement set is the size to cover large enough geographical area so that eNB does not need to reconfigure CSI-RS configuration for a UE frequently.  The size can be the total number of high-transmision-power and low-transmission-power points in a macrocell.  In the example of CoMP simulation scenario, the number is about 5 (one high-transmission-power point plus four low-transmission-power points).  When there are more low-transmission-power points, the number increases as well.  If the size of CoMP measurement set is limited by the number of points configured in CSI-RS configuration, the geographic area monitored by UE continually shrinks as the deployed low-transmission-power points in a macrocell increase.  This will result in more frequent CSI-RS resource reconfigurations when UE moves around in a macrocell.  Therefore, the size of CoMP measurement set should be left as eNB implementation based on real deployment and can be variable.
For the second issue, it relates to a reasonable size of CoMP reporting set.  The size of reporting set relates to the overhead of CSI feedback.  The larger the CoMP reporting set; the larger is the feedback overhead.  In addition, larger reporting set may also introduce longer CSI feedback periodicity if per-CSI-RS-resource feedback is multiplexed in time. This may degrade CoMP performance due to large CSI feedback delay.  Thus, it’s better to limit the size of CoMP reporting set under a certain level by defining supporting sizes in CSI feedback modes for CoMP operation.  From the discussion in previous paragraph, the size of CoMP measurement set can be variable depending on real deployment, which is decided by eNB.  If the CoMP reporting set is the same as the CoMP measurement set, CSI feedback overhead and delay is unpredictable and it may impact CoMP performance.  Therefore, CoMP reporting set should be allowed to be smaller than CoMP measurement set so.  The CoMP cooperating set can be further a subset of the reporting set. The determination of CoMP reporting set could be based on either CSI-RS or SRS, as discussed in the next section.
Figure 2-1 illustrates the suggested relationship among CoMP measurement set, CoMP reporting set, DL/UL CoMP cooperating set and DL/UL CoMP transmission/reception points.
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Figure 2-1  Illustration of relationship among CoMP measurement set, CoMP reporting set, DL/UL CoMP cooperating set and DL/UL CoMP transmission/reception points
Based on discussion in previous paragraphs, we propose:
Proposal #1:  The size of CoMP measurement set should be left as eNB implementation, but it is the same as all the CSI-RS resource configured in a UE-specific manner.
Proposal #2:  The CoMP reporting set should be allowed to be a subset of CoMP measurement set. 
2.1 Selection of CoMP Reporting Set
Based on the previous discussion, the size of CoMP measurement set might be configured to be large so that CSI-RS does not need to be recondifured frequently and all TPs of potential impact are included. UE will be monitor all the CSI-RS resources configured, but is allowed to report CSI for a subset of CSI-RS resources to manage the reporting overhead. With a possible smaller CoMP reporting set, there are two issues for discussion.
1. Who selects CoMP reporting set? eNB or UE?
2. How to select CoMP reporting set?
First, different specification efforts are needed depending on which side to decide CoMP reporting set.  If eNB selects CoMP reporting set, which may rely on SRS, it will then have to signal to the UE about the reporting set. There is no need to define separate CoMP measurement set and reporting set if eNN uses SRS to determine the reporting set directly. If the reporting set decidsion is left completely to UE, the UE needs to inform eNB of the selected reporting set, as possibly a part of the feedback content. However, without knowing the size of feedback, it is difficult for eNB to allocate the right amount of radio resources for PUSCH or uplink PDCCH. A more reasonable operation is for UE to assist the CoMP reporting set selection at eNB by feeding back long-term measurements (e.g., RSRP) for configured CSI-RS resources or a recommendation of the CoMP reporting set. In this case, the eNB will need to configure both CoMP measurement and reporting set, possibly separately.
Proposal #3: Further evaluation and discussion are needed if a UE-assisted behavior for CoMP reporting set determination needs to be specified. But CSI-RS based measurement can be a starting point in UE-assisted mechanism, at least for CoMP measurement and reporting set management.


3. RRM Measurement Set 
RRM measurement in Rel-8/9/10 is based on CRS. Mobility procedure in 3GPP RATs typically involves the stages of serving cell quality monitoring, cell search to identify candidate neighboring cells, and neighbor cell measurement and mobility decision making. 

In LTE, Radio Link Monitoring (RLM) is based on CRS. The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors.
Cell search is based on PSS/SSS of course and neighbor cell measurement (RSRP/RSRQ) is again based on CRS. If for CoMP measurement set purposes, RSRP measurement/reporting of CSI-RS resources is introduced, whether CSI-RS resource should also be considered for RRM measurement? 
Note that dynamic TP selection/configuration in CoMP operation is not the same as cell selection/re-selection in RRM procedure, given scenario 4 where logical cell can consist of multiple TPs. So we have two questions to address:

· In scenario #4 where a same logical cell ID is used by multiple TPs, what kind of mobility procedure should a UE follow?
· In other scenario where each TP has a cell ID, but there is inter-TP/cell CoMP possibility, what kind of mobility procedure should a UE follow?
For both questions, the pilots, CRS or CSI-RS in particular, to be used for RLM and cell/TP measurement is the key issue. CRS-based measurement, well defined and understood, may not reflect the connection quality when control channel quality cannot be estimated from CRS in Rel-11. Therefore, the state of whether UE can stay connected or not (which will trigger cell reselection) may not be determined reliably at the UE. One example is the case of ePDCCH in the future deployment. But for scenario #4 (same Cell ID deployment) where the same PDCCH is sent from all TPs, CRS-based measurement seems still valid. 
Also, since CSI-RS is UE-specific, unless its configuration for other TPs or cells is known, a UE cannot measure then. This is different from CRS where the cell-ID uniquely defines the CRS and the cell-ID can be found from PSS/SSS. So UE cannot self identify neighboring TPs/cells and make measurement on CSI-RS, but not the case on current CRS-based RRM measurement.  
Proposal #4: RRM/RLM measurement based on CSI-RS, instead of CRS, has major impact on mobility procedure. The benefit and limitation of CSI-RS based measurement, versus CRS-based measurement, requires careful study. For now, CSI-RS measurement should be confined to CoMP measurement/reporting set management. 


4. Conclusion

In this paper, the related issues of CoMP measurement set and CoMP reporting set are discussed, along with possible intersection with RRM measurement set definition.  The proposals are summarized as follows.
Proposal #1:  The size of CoMP measurement set should be left as eNB implementation, but it is the same as all the CSI-RS resource configured in a UE-specific manner.
Proposal #2:  The CoMP reporting set should be allowed to be a subset of CoMP measurement set. 
Proposal #3: Further evaluation and discussion are needed if a UE-assisted behavior for CoMP reporting set determination needs to be specified. But CSI-RS based measurement can be a starting point in UE-assisted mechanism, at least for CoMP measurement and reporting set management.
Proposal #4: RRM/RLM measurement based on CSI-RS, instead of CRS, has major impact on mobility procedure. The benefit and limitation of CSI-RS based measurement, versus CRS-based measurement, requires careful study. For now, CSI-RS measurement should be confined to CoMP measurement/reporting set management. 
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