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1   Introduction
In [1] a discussion was started on what CSI measurements entail and what are the challenges raising from unregulated CSI IM configurations in Inter eNB CoMP. 
It was explained that CSI measurements are obtained by means of a Rel11 feature according to which a Rel11 UE supporting Transmission Mode 10 can be configured over RRC with CSI Interference Measurement (CSI IM) resources. These are resources on which Reference Signals are available on a given set of cells. 
For the purpose of obtaining information on adjacent cells interference, such CSI IM resources can correspond to so called Zero Power (ZP) CSI-RS patterns for certain cells or to Non Zero Power (NZP) CSI-RS patterns for other cells.
For example, if the interference generated by all neighbouring cells needs to be measured, the serving cell use a ZP CSI-RS that overlaps with the CSI-IM configured to the UE, but in other adjacent cells, there are transmission activities on those CSI-IM resources that reflect the interference in those cells. This activity could be a “real” PDSCH transmission or it could be a NZP CSI-RS. Another alternative is that a ZP CSI-RS is configured in that adjacent cell and artificial noise is injected in the ZP CSI-RS resources to reflect an activity in that cell when measured in adjacent cells. In this way the UE can measure the interference from adjacent cells when measuring the received power in the resource elements configured as CSI-IM. Depending on how it is used the measurement would be dependent or independent on the traffic in neighbouring cells. 
Furthermore, if single cells interference wants to be estimated, it is possible to configure the UE with CSI IM resources where the cell in question transmits NZP CSI-RS while all other cells transmit ZP CSI-RS on the same resource elements (and thus do not transmit on PDSCH on the CSI IM resources). CSI measurements collected by the UE will provide information about interference when this adjacent cell is not transmitting since the interference from this adjacent cell is not taken into account in the CSI-IM measurement. It can therefore be understood how interference from isolated neighbouring cells can be estimated.
By proper planning and configuration of the non-zero power (NZP) CSI-RS, CSI-IM and zero power CSI-RS in neighbouring cells, the UE can report CSI to measure inter cell interference and therefore to help coordinating scheduling. 
It is worth pointing out that enabling CSI measurements comes at non negligible costs because PDSCH of the cells where ZP CSI-RS is configured has to be scheduled to avoid transmissions in ZP CSI-RS resources. Hence, there is a loss in spectral efficiency when CSI-RS is configured since the number of resource elements per subframe available for PDSCH is reduced. Therefore, the benefit of CSI measurement reports has to overcome such overhead costs.
A Rel-11 UE can be configured with 1 to 4 CSI processes (depending on UE capability). Each CSI process is associated with one NZP CSI-RS and one CSI-IM, configured to the UE by RRC signalling.  In order to enable a UE to measure and report CSI feedback which gives information on different neighbour cells interference, the UE needs to be configured via RRC with opportune CSI IMs. If the interfering cells change with time and CSI processes need to follow such changes, the UEs would need to be frequently reconfigured via RRC signalling. For instance, if there are five cells interfering a UE, there are 2^5=32 different CSI IM configurations that need to be signalled dynamically to a UE to receive CSI feedback useful to understand the interference generated by such cells and to deduce information useful for resource coordination (such as CoMP Hypothesis and Benefit Metrics). Moreover, the cells interfering a UE change continuously in time, due to the movements of the UE in the cell and due to traffic changes in the interfering cells. This may result in frequent RRC CSI configurations.
Observation 1: If interference of different neighbour cells needs to be measured via CSI reporting, the UE needs to be configured via RRC signalling every time the set of interfering cells to be monitored changes. This may imply frequent RRC signalling
Moreover in [1] another issue was highlighted, which is the most severe and related to the dynamically changing CSI process reconfiguration. The problem is illustrated in [4] and it concerns the overhead associated with CSI-IM configuration. In fact, if each UE should have the maximum benefit of CoMP, no restrictions could be placed on the CSI-IM and each UE could need its own set of CSI-IM resources (as they are UE specifically configured). Then the number of CSI-IMs used to allow all UEs in a cell to report CSI measurements for all their most interfering neighbor cells, the required amount of CSI-IM resources would explode to the point of denying any Inter eNB CoMP capacity improvement. In other words, there would be CSI-IM in basically every subframe, which would severely reduce PDSCH capacity. This would also incur scheduling restrictions since normally a UE is not forced to have ZP CSI-RS in every subframe to protect a CSI-IM from the scheduled PDSCH.
In [4] it was shown how in a 12 cells CoMP cluster where CSI IM can be freely configured there is a total of 66 CSI-IMs per cell, which cascades into very frequent reconfiguration for the UEs and very large amount of CSI IM overhead taken from the PDSCH capacity. It was in [4] estimated to a total of 30% overhead that needs to be recovered by CoMP gains.

Observation 2: The CSI reporting mechanism in current Rel-11 CoMP is only feasible for a small number of cells in the CoMP cluster. For larger CoMP clusters (e.g. more than three cells), the CSI-IM overhead would be so large that it cannot be recovered by any CoMP gains, even with ideal backhaul.  Moreover, frequent RRC reconfigurations of CSI-IM for the UEs would imply high signalling loads over the air.
30% overhead in CSI-IM resources calculated in [4] implies that the overall gain of Inter eNB CoMP is completely denied. Hence, it is very important that the number of CSI IMs for all UEs in a cell is limited to a number that does not imply a surge of CSI measurement reports and a surge of over the air signalling. It is important to notice also that the CoMP gains for non-ideal backhaul as reported in TR 36.874 for larger CoMP clusters did not take into account the CSI-IM overhead, nor was the planning and RRC reconfiguration issue considered.
Indeed, the scalability problem caused by large numbers of CSI IMs and therefore large amount of CSI measurement reports was discussed in the end of RAN1 study and also tackled in [3], where it was acknowledged that the number of cells in the CoMP cluster and thus the number of CSI-IMs should be limited and where simulations showing CoMP gains were presented for a number of 3 CSI-IMs for all UEs in a cell forming a CoMP Cluster.

It shall also be noted that reference [3] together with reference [5] became the main references to justify a way forward cosigned by 18 companies in document [6]. In fact, in [6] the following is stated:

Even though RAN1 and RAN3 are making progress, the co-sourcing companies would like to emphasize the fact that the following signaling, which was shown to provide significant performance improvement [6, 7] and was supported by very large number of companies, could not be agreed in RAN1#76bis due to objection of small number of companies.
Where reference [6, 7] above correspond to reference [4] and [5] in this paper. As already stated, reference [3] sets the scene on how to report CSI measurements and shows gains in a scenario where only 3 CSI-IMs are configured in a cell for all UEs, due to the problems with larger CoMP clusters as discussed above. Hence, there is no support for larger CoMP cluster in the evaluations and agreements made in RAN1.
The above leads to the following observation:
Observation 3: In line with the discussions and analysis in RAN1 an enhanced signalling solution for Inter eNB CoMP should comprise of 3 CSI IMs per cell. The latter is of utmost importance if signalling overheads have to be maintained to a level that makes CoMP gains still positive.
2   Designing principles for enhanced signalling for inter eNB CoMP
In section 1 it was explained that CSI reporting in Inter eNB CoMP leads to the issue of excessive RRC signalling due to frequent changes in CSI IMs as well as the issue of very large overhead due to large amount of CSI measurements to be reported. A third issue that would affect the X2 interface quite directly would be the excessive amount of CSI measurements to be reported via backhaul. Indeed, according to [7], signalling of CSI measurements may account for throughput over X2 of about 6.5Mbps. Therefore, the three following problems can be identified and should be addressed when designing a solution for CSI reporting in inter eNB CoMP:

1. Scalability problems due to frequent over the air RRC signalling for CSI IM configuration

2. Overhead problems due to the very high amount of CSI measurement results to be provided over the air

3. Scalability problems due to large amount of CSI related data to be signalled over X2

The three problems above can be all solved by following one design principle: limit the number of cells on which all UEs in the cell measure interference, namely limit the number of CSI IMs to be used in a given cell to configure the CSI processes for all the UEs in the cell.
In fact, by limiting the number of CSI IMs used in a cell to a number that can be handled via a single RRC configuration, it would be possible to greatly reduce the amount of RRC signalling (if CSI IMs are limited to three, there would be no need to perform RRC reconfigurations of CSI processes at all). In fact, the CSI IM configuration then can be interpreted as a cell specific CSI IM configuration rather than a UE specific CSI IM configuration. This is in line with the results observed in [3].  


Further, to limit the amount of CSI measurements reported by UEs, limiting the number of CSI IM would also allow less reporting as the combination of cells for which interference is monitored is reduced to a lower number. 
Finally, limiting the number of CSI IM in a cell would limit the amount of CSI measurements that needs to be signalled over X2.
Following the recommendations already made in [4] the following is proposed:

Proposal 1: It is proposed that the signalling solution for CSI measurement report for Inter eNB CoMP is based on a limit of 3 CSI IM per cell. 

If the principle in Proposal1 is established, the solution to be designed should also take into account how to signal CSI measurements results in a way that they can be associated to the CSI IM that was configured at the UE reporting them. A number of ways could be given as example to allow such signalling:

4. A list of indexes per allowed CSI IM could be configured at each eNB participating in the CoMP cluster. Each CSI measurement could be signalled together with one of three possible CSI IM indexes the eNB could choose for UE configuration. In this option it is assumed that CSI IMs are configured e.g. via OAM
5. A list of neighbouring cells could be signalled in the LOAD INFORMATION message and an IE indicating a subset of the listed neighbouring cells could be associated to each CSI measurement. In this way it would be possible to understand which neighbouring cell was considered for interference measurements in the reported CSI process. In this option it is assumed that ZP CSI-RS and NZP CSI-RS of neighbour cells is known by eNBs participating in CoMP
6. An explicit list of CSI IM resources could be associated to each CSI measurement, in order to indicate where the UE was configured to take measurements. In this option it is assumed that ZP CSI-RS and NZP CSI-RS of neighbour cells is known by eNBs participating in CoMP

The options above are examples that should be used to trigger a discussion on how to report CSI measurements in a concise way, which respects the limit of three CSI IM per cell previously proposed and that allows a clear understanding of the CSI process according to which the reported measurement was collected.

Proposal2: RAN3 should discuss ways to signal CSI measurement results in a concise way that respects the limit of 3CSI IM per cell and that allows for a clear understanding of the CSI process for which the measurement was collected

3   Conclusion 
In this paper the topic of CSI measurements reporting for Inter eNB ComP was analysed and its challenges were explained.
The following observations were made:

Observation 1: If interference of different neighbour cells needs to be measured via CSI reporting, the UE needs to be configured via RRC signalling every time the set of interfering cells to be monitored changes. This may imply frequent RRC signalling
Observation 2: The CSI reporting mechanism in current Rel-11 CoMP is only feasible for a small number of cells in the CoMP cluster. For larger CoMP clusters (e.g. more than three cells), the CSI-IM overhead would be so large that it cannot be recovered by any CoMP gains, even with ideal backhaul.  Moreover, frequent RRC reconfigurations of CSI-IM for the UEs would imply high signalling loads over the air.

Observation 3: In line with the discussions and analysis in RAN1 an enhanced signalling solution for Inter eNB CoMP should comprise of 3 CSI IMs per cell. The latter is of utmost importance if signalling overheads have to be maintained to a level that makes CoMP gains still positive.
In order to address the issues described it is proposed to agree to the following:

Proposal 1: It is proposed that the signalling solution for CSI measurement report for Inter eNB CoMP is based on a limit of 3 CSI IM per cell. 

Proposal2: RAN3 should discuss ways to signal CSI measurement results in a concise way that respects the limit of 3CSI IM per cell and that allows for a clear understanding of the CSI process for which the measurement was collected
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