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Discussion and decision
1
Introduction
This contribution discusses how the network can manage the CoMP measurement set in RRH-based heterogeneous deployments (i.e. CoMP scenario 3 or 4). It will be concluded that adequate support of this functionality requires the capability of reporting the received power measured from CSI-RS reference signals.
2
Measurement sets
In [1], section 5.1.4, definitions are provided for the following measurement sets:

· CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in clause 5.2.2

· The UE reports may down-select points for which actual feedback information is transmitted

· How to measure interference needs to be considered. 

· 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.

From the UE perspective, the CoMP measurement set thus corresponds to a set of reference signals (CSI-RS and possibly CRS) that are configured for the purpose of CSI measurement and reporting. The RRM measurement set, on the other hand, corresponds for now to a set of cells for which measurement reports are transmitted at RRC. The central issue that needs to be addressed is how to support the configuration of the CoMP measurement set. The mechanism to achieve this may (or may not) involve extending the RRM measurement set, but this issue is secondary.
3
CoMP measurement set management
Several options have been considered to support the configuration of the CoMP measurement set. The two basic approaches (UL-based and DL-based) are outlined in Section 5.2.3 of [1]:
The management of the CoMP measurement set may be based on UL SRS/DMRS/PUCCH transmission and/or DL RRM measurements (e.g., RSRP/RSRQ information). Measurement based on CRS and/or CSI-RS may be considered.
In addition to the above, it has been suggested that for CoMP scenario 4 it could be possible to configure the UE with the whole set of CSI-RS transmitted by all points deployed within a cell [2]. 

These different options are discussed in the following.
3.1 Management based on strongest cell 
In this option, the CoMP measurement set is determined by the network based solely on the identity of the serving cell of the UE or, more generally, on the identities of the strongest cells of the RRM measurement set as reported by the UE. The network then configures the UE to measure the CSI-RS of all points deployed within this (or these) cell(s).
Using this approach alone, the UE could often be configured to measure the CSI-RS of points that are quite far and thus not good candidates for inclusion in the cooperating set. As reporting the CSI of these points would be wasteful from overhead perspective, some mechanism needs to be introduced at the CSI reporting (i.e. PHY) level to allow the UE to skip the transmission of reports for these points, such as transmitting a point indicator in an aperiodic or periodic report. The UE could also skip the periodic CSI reports of these points if they are defined to be transmitted in separate subframes.
This approach appears to be viable if the number of deployed points per cell is quite small, not exceeding perhaps 3 or 4. Beyond this, the overhead of indicating the right subset of points in CSI reports becomes excessive. For instance, already with 5 points (1 macro site and 4 RRH’s) a point indicator (for a single point) needs 3 bits, and 5 sets of periodic CSI reports would need to be configured.
3.2 Management based on UL transmissions 
In this option, the network monitors at each reception point (controlled by the same scheduler) transmissions from the UE such as PRACH, PUCCH, PUSCH, DM-RS and/or SRS. These transmissions may consist of transmissions that the UE performs as part of its normal operation. In case the UE does not transmit frequently enough due to inactivity, the network can trigger a transmission by sending a PRACH order or an aperiodic SRS request.
An inherent issue with this approach, in FDD, is the lack of reciprocity between the UL and DL channels when considering short-term/narrowband characteristics. Because of this, it may be possible that the best set of points to include in the CoMP measurement set for the DL does not coincide with the best set of points as observed in the UL. To mitigate this issue, the network can capture the long-term/wideband characteristics of the channel by forcing UE transmissions (e.g. SRS) to take place over a larger bandwidth and/or over multiple subframes sufficiently separated in time. However, this increases the overhead due to the UL transmissions, resulting in additional interference and increased battery consumption for the UE. It could also be seen as introducing an element of complexity to the scheduler. In addition, the required transmission power for a wideband transmission may exceed the maximum transmission power of certain UE’s in power-limited conditions.
In addition, even the long-term/wideband characteristics of the channel are different between the UL and the DL carriers if they are not in the same frequency band. As pointed out in [3], this is a problem for inter-band carrier aggregation scenarios for which a very common case is one where there is a single UL carrier in one of the bands.
3.3 Management based on DL measurements

In this option, the UE measures the received power of reference signals transmitted from the different points and reports the result to the network, for instance in a RRC measurement report. The network then configures the CoMP measurement according to the received measured results. This approach has been used to support mobility since Release 8, and can still be used essentially without modification in scenarios where transmission points coincide with cells and thus transmit a unique CRS (i.e., scenarios 1-3). One benefit with DL measurements is that the UE can obtain the wideband characteristics of the channel without additional cost. Another positive aspect is that it is more in line with existing principles by which a RRC reconfiguration required by UE movement typically follows reception of a RRC measurement report.
On the other hand, in scenario 4 all points in a same cell transmit the same CRS and the currently defined RSRP measurements based on CRS are insufficient to support this approach. What is then required is a received power measurement based on CSI-RS since these signals can be differentiated between transmission points. In addition, the network needs to provide some information on where to find the CSI-RS that may potentially be received by the UE to reduce complexity. For instance, the network could provide the whole list of CSI-RS resources corresponding to all deployed points (as in Option 1), or would at least provide a list of subframes in which CSI-RS may be transmitted (i.e., one or more subframeConfig). While it would be possible to envision extending all RRC measurement control functionality to incorporate CSI-RS based measurement, a less ambitious approach simply allowing the network to request a single measurement report (using e.g. a one-shot report or periodic reports) is likely to be sufficient for the purpose of identifying the CoMP measurement set.
3.4 Discussion
When evaluating the three above options, one may consider the impact on specifications (and complexity) and whether they can adequately support the different CoMP deployments.
In the first option, the additional impact on specifications may be limited or non-existent compared to what is required to support CSI feedback for CoMP. On the other hand, as pointed out earlier this option does not scale with scenario-4 based deployments that have more than a few transmission points per cell.

In the second option, there may be no impact at all on specifications. However, there are common scenarios which cannot be supported (e.g. inter-band carrier aggregation with transmission points deployed on the orphan DL carrier), while for other scenarios sufficient accuracy is obtained at the price of UL performance degradation and increased UE power consumption.

In the third option, there is a larger impact on specifications mainly because of the introduction of a CSI-RS-based measurement to support scenario 4. On the other hand, this feature may anyway need to be introduced to properly support UL power control in scenario 4. In addition, this option supports all scenarios regardless of the band configuration or the number of deployed points which can be expected to increase in the future.
Based on the above, our preference is to introduce support for the third option in R11.
4
Conclusion

This contribution discussed and analyzed options for the management of the CoMP measurement set. Based on this analysis the following is proposed:
Proposal: Introduce measurement of received power from CSI-RS reference signals
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