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1   Introduction
In [1] a WI was approved to enhance Inter eNB CoMP signalling. 
One of the objectives of the WID is as follows:

· Signaling of one or more sets of CSI information (RI, CQI) of a set of UEs 

· Signaling period

· Same as CoMP hypothesis for periodic exchange 
· Mechanism to provide CSI reports upon request from an eNB should be made available.

· Per CSI process per subband per UE per cell (1 subband = 6 RBs)

The above objective was discussed at length in RAN1, where a number of concerns were identified about how to enable CSI reporting (see [2] and [3]).

In this paper the details concerning CSI reporting are outlined and a number of areas towards which particular attention has to be paid are identified.
2   Overview of the CSI reporting process in Inter eNB CoMP

CSI reporting for Inter eNB CoMP is aimed at providing extra information that could allow eNBs taking part in the CoMP activities to improve resource coordination. 

This mechanism is based on physical layer functionalities introduced in Release 11, where the network is able to configure a UE to measure interference on a particular set of resources also known as CSI Interference Measurement (CSI-IM) resources. 

In order to better understand the role of CSI-IM measurements the concept of CSI Reference Signal (CSI-RS) should be introduced. A CSI-RS resource constitutes a pattern of resources within a subframe where such RS is present.
A CSI-RS pattern may also correspond to so-called zero-power CSI-RS. Zero-power CSI-RS corresponds to a CSI-RS pattern whose resource elements (REs) are silent, i.e., shared data channel is mapped around those REs. 

One purpose of zero-power CSI-RS is to raise the SINR for CSI-RS in a cell by configuring zero-power CSI-RS in interfering cells so that the REs otherwise causing the interference are silent. Thus, a CSI-RS pattern in a certain cell may be matched with a corresponding zero-power CSI-RS pattern in interfering cells. 
In coordinated scheduling, the UE is likely to need to measure interference levels stemming from non-serving cells and in such case interference from the much stronger serving cell would in that case be considerably high. Therefore, one of the purposes of ZP CSI-RS is to allow the PDSCH to be mapped around CSI-IMs. Since these REs then  do not contain signals transmitted from the serving cell, any power measured by the UE in these resources must be interference from neighbouring cells. Hence, the UE can, in transmission mode 10, be configured to measure interference in CSI IM resources which are overlapping with a ZP CSI-RS pattern. 
When reporting different CSI measurements the UE (in this transmission mode) thus obtains the desired signal power from a non-zero power (NZP) CSI-RS and the interference plus noise from measurements in the CSI-IM. 

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. 

ARel-11 UE can be configured with 1—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.  

If only one CSI process is used, then it is common to let the CSI-IM reflect the interference from transmission in all other cells except the cell serving the UE, i.e. the serving cell use a ZP CSI-RS that overlaps with the CSI-IM configured to the UE, but in other adjacent cells, there is no ZP CSI-RS on these resource elements. In this way will the UE measure the interference from adjacent cells when measuring the received power in the resource elements configured as CSI-IM. 

If additional CSI processes are configured to the UE, then it is possible to also configure a ZP CSI-RS in the adjacent cell that overlaps with a CSI-IM for this CSI process for the UE in the serving eNB. 

In this the UE feedback 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.
Hence, CSI feedback to support coordinated scheduling between eNBs is enabled with the use of multiple CSI processes where a first CSI process can be configured to the UE to feed back CSI for full interference case; a second CSI process to feed back CSI for the case when a (preferably a strong interfering) adjacent cell is muted etc. 
The eNB receives CSI feedback for multiple possible transmission hypotheses and may then use this to formulate CoMP Hypothesis and Benefit Metric information to be sent to neighbour eNBs. 
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 by means of RRC signalling. Up to three sets of resources on which to measure interference can be configured for a UE at a time. If interfering cells change with time and CSI processes need to follow such changes, the UEs would need to be frequently reconfigured via RRC signalling.
Observation 1: CSI feedback can be used to deduce interference levels from one or more neighbouring cells. This is possible so long as each UE designated to report CSI feedback is configured with measurement resources reflecting the neighbour cell interference information needed

3    Drawbacks of CSI Reporting for Inter eNB CoMP
As it has been explained above, CSI measurements can be taken on different sets of CSI-RSs/CSI-IMs by the use of multiple CSI processes. A UE can thus be configured at the same time with three different sets of resources (both for desired and interference measurements) on which to derive the CSI. 

The number of possible CSI process configurations needed to deduce interference received from all neighbour cells may be considerably high. For instance, if there are five interfering cells to a UE, there are 2^5=32 different CSI configurations that need to be signalled 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). Each UE can maximally feed back CSI for three interference hypotheses (i.e. three resource configurations) and each UE will in general have different three hypotheses. In addition, the cells interfering a UE change continuously in time, due to the movements of the UE in the cell and due to that the traffic in the interfering cells is changing. Hence CSI process reconfiguration may be frequent. 

This makes it problematic from a configuration signalling point of view because the more measurement resource configurations are configured at the UE (i.e. more CSI processes), the more over the air configuration signalling is needed. 

For example, if CSI measurement resources want to be configured with the purpose of understanding how every possible interfering cell affects CSI measurements (which can be understood by means of CSI IM adopted by interfering cells), a scalability issue would arise because the UE would have to be signalled very frequently changes in the CSI measurement resources. 
Together with the configuration problem above there is another, perhaps more severe, problem related to the dynamically changing CSI process reconfiguration. The problem is illustrated in [3] and it concerns the overhead associated with CSI measurement reporting. In fact, if no restrictions are placed on the CSI-IMs used to allow all UEs in a cell to report CSI measurements for all the neighbor cells detected, the amount of measurement reports would explode to the point of denying any Inter eNB CoMP capacity improvement. 

In R1-141790 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 measurement reporting, which measurement reporting was in [3] estimated to a total of 30% overhead.
Therefore 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.

Indeed, the scalability problem caused by large numbers of CSI IMs and therefore large amount of CSI measurement reports was also tackled in [2], where it was acknowledged that 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 [2] together with reference [4] became the main references to justify a way forward cosigned by 18 companies in document [5]. In fact, in [5] 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 [2] and [4] in this paper. It is worth noting that reference [4] simply states that reporting RSRP measurements only for Inter eNB CoMP provides very marginal gains and therefore the Inter eNB CoMP solution needs to be enhanced with CSI measurement reporting. As already stated, reference [2] sets the scene on how to report CSI measurements and shows gains in a scenario where 3 CSI-IMs are configured in a cell for all UEs.
The above leads to the follosing observation.

Observation 2: 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.
Moreover, if the recommendations listed in [1] are adopted and CSI measurements acquired for a UE in a cell are distributed amongst nodes participating in the resource allocation coordination, there would be a problem of how to interpret such measurements (e.g. which of the many possible interference hypotheses is associated with the particular CSI report?), which alone would not provide information about the measurement resource configuration used for the reporting UEs and therefore cannot help deducing what CSI IM were used by which interfering cells when the measurements were taken.

Therefore, the main problem to be addressed when designing a signalling solution for enhanced Inter eNB CoMP Signalling is the scalability issue arising from very frequent signalling due to potential changes in CSI measurement resource configurations and the signalling of CSI measurement results in a way that allows to understand the configuration of interfering cells in terms of utilization of measurement resources.

Observation 3: A signalling solution for CSI reporting in inter eNB CoMP shall prevent signalling surges due to frequent UE reconfigurations via RRC and due to frequent CSI measurement reports and should ensure a common interpretation of the CSI measurements with respect to the resource configured for such CSI reports.
4   Possible way forward
A possible way forward to resolve the issues outlined in section 3 would be to limit the number of interfering cells and therefore limit the number of CSI-IMs for which CSI reporting is configured and signalled over X2. 

The latter could be done by taking into consideration the strongest interfering cells and limit such list to a number that would not cause signalling overload. As an example, a maximum of 3 CSI-IMs, just like it is considered in [2], may be adopted for all UEs in a CoMP cluster cell.

The CSI measurement results may be signalled together with information concerning the CSI-IM or the cells taken into consideration for CSI measurement configuration or they may be signalled together with an index pointing unequivocally at a set of interfering cells considered during CSI measurement configuration. 
Proposal: It is proposed to agree to a CSI measurement reporting solution that confines the number of considered interfering cells for each cell to a value that avoids over the air signalling surges and increased complexity. It is proposed to support a solution that adopts a maximum of 3 CSI-IMs per cell
5   Conclusion 
In this paper the basic principles of CSI reporting have been described. The paper explains that CSI measurements can help deducing the interference generated by neighbouring cells, provided that UEs are configured with measurement resources mirroring the cells for which interference needs to be measured. 

The paper explains that if the number of cells considered for CSI measurement reports and therefore the number of CSI-IMs is high and if the changing interference status that characterizes UEs wants to be monitored, a surge of RRC signalling, a massive increase of measurement overhead and very high complexity to consistently monitor measurements would arise due to the need of reconfiguring UEs and reporting measurements very often (to follow changes of neighbor cells interference) and due to the complexity of understanding to which resource configuration each measurement corresponds.

These points have been captured in the following observations:

Observation 1: CSI feedback can be used to deduce interference levels from one or more neighbouring cells. This is possible so long as each UE designated to report CSI feedback is configured with measurement resources reflecting the neighbour cell interference information needed
Observation 2: 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.
Observation 3: A signalling solution for CSI reporting in inter eNB CoMP shall prevent signalling surges due to frequent UE reconfigurations via RRC and due to frequent CSI measurement reports and should ensure a common interpretation of the CSI measurements with respect to the resource configured for such CSI reports.

The paper therefore proposes that a solution for CSI reporting is limited to consider a small number of neighbouring interfering cells and CSI-IMs, as per following proposal:
Proposal: It is proposed to agree to a CSI measurement reporting solution that confines the number of considered interfering cells for each cell to a value that avoids over the air signalling surges and increased complexity. It is proposed to support a solution that adopts a maximum of 3 CSI-IMs per cell 
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