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1 Introduction

During RAN1#66bis it was agreed as a working assumption to consider specification of a common feedback framework to sustain multiple CoMP schemes while also spanning across homogeneous and heterogeneous scenarios. One feedback component which differentiates between the CoMP schemes is the CQI. Different transmission hypotheses bring significant impact on CQI construction. In a companion paper [2] we are discussing aspects related to PMI feedback and the need for aggregated PMI feedback. In this contribution we present our views on CQI definition for CoMP.
2 CoMP CQI feedback 

In the companion contribution [2], we have provided our views on spatial information, i.e. PMI feedback in support of CoMP. In short, we currently see a need to support per-CSI-RS resource PMI feedback, while the benefits of having additional inter-CSI-RS-resource phase feedback currently seem unclear as almost no evaluations have been carried out taking into account all practical impairments [2]. From that perspective we feel that it may be better to focus the efforts on the schemes that have been proven to provide performance benefits and that are robust to impairments such as timing misalignments. Such schemes include for example dynamic point selection with or without blanking and noncoherent joint transmission. Here we discuss CQI feedback mainly in support of these schemes; however the feedback can be extended also to coherent joint transmission if its feasibility is proven.

The CoMP feedback problem relates mostly to the CQI feedback. The CQI is used by the eNB for scheduling and to perform adaptive modulation and coding which means the transmission rate is adapted based on channel conditions. Accuracy of the CQI value affects greatly the system performance, especially if the CQI is overestimated and too high transmission rate is assigned which is not supported by the actual radio link. For this purpose it could be beneficial to specify a separate CoMP CQI in addition to per-point CQI.
The CQI depends on the transmission hypotheses made by the UE at a given time. For example:

· When reporting an aggregated joint transmission (JT) CQI, UE assumes combined transmission from N points to the UE. Here the combining may in principle be noncoherent or coherent.
· When reporting a dynamic point selection (DPS) CQI without muting, UE assumes transmission from a selected transmission point and interference from other transmission points.

· When reporting a DPS CQI with muting, UE assumes transmission from one point and zero interference from points that are assumed to be muted. 

In other words there are multiple methods of calculating the CQI, and the CQI depends on the CoMP transmission hypothesis at the UE side. Although joint transmission is in principle possible with per point CQIs, in [3]
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[4] the aggregated CQI has been demonstrated to be important for realizing the gains of joint transmission. Also, the CQI computed for muting hypothesis may in principle be possible to be derived at eNB by scaling [4]. To be able to use scaling, eNB should know the exact transmission hypothesis used for the fed back CQI and have some understanding on the expected level of the CQI difference when the actual transmission differs from the hypothesis. Also CQI scaling may not span over multiple CQI classes. For example a similar CQI scaling correction done by OLLA can typically compensate small CQI differences within +-2dB [5].

It is also noted that aggregated CoMP CQI feedback may be needed also for testing purposes depending on the supported CoMP feedback schemes. For example, if the UE is to indicate a recommendation on which of the points (CSI-RS resources) should be transmitting, an aggregated CoMP CQI would be needed in order to ensure the testability of the feedback scheme.

Thus the problem is what should be assumed for CQI calculation and how to have common understanding at the UE and at the network side about the UE transmission hypothesis used for a given CQI report. At the same time the CQI feedback scheme should be flexible enough to support as many CoMP schemes as needed, and also ensure the testability of the specified feedback schemes. The CoMP feedback is assumed as an additional feedback to a baseline or to fallback feedback that is single-point transmission –based RI/PMI/CQI feedback. It is noted that reporting CQI for all possible CoMP transmission scheme hypotheses would imply a very high uplink overhead.

Observations: 
· Aggregated CoMP CQI has been demonstrated to provide performance benefits.

· Aggregated CoMP CQI may be required for CoMP feedback testing purposes.
Proposal: Consider specifying an aggregated CQI indicating the CQI based on a multi-point transmission hypothesis.
· Strive for a CQI definition that provides flexible support of multiple CoMP schemes while keeping the added feedback load and UE computational complexity in minimum.
3 CQI hypothesis 

Multi-point transmission implies two or more points involved in the actual transmission or in interference coordination. From CSI computation perspective, we can have different hypotheses for each point. For example, one point may be transmitting noncoherently with another point, it may transmit an interfering signal or it may mute the transmission in order to reduce interference. In principle, the UE can test CQI for multiple CoMP transmission hypotheses and report CQI accordingly. Such feedback would provide a very simple way of supporting different CoMP schemes and also provide flexibility for the eNB to choose among different transmission strategies. It is noted that from UE computational complexity perspective such testing of multiple CoMP transmission hypotheses is no different compared to testing of multiple inter-CSI-RS-resource phase combiner hypotheses and as such can be seen to be feasible from UE point of view. The main question if such testing of multiple hypotheses (and the corresponding feedback bits in uplink) is spent on testing multiple inter-CSI-RS resource combiner hypotheses or multiple CoMP transmission scheme hypotheses.
For example, for CoMP measurement set of three points (CSI-RS resources), the UE may compute CQI for both joint transmission and dynamic point selection. The SINRs (that would be mapped to CQI) are written as follows:
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where Hi equals channel of point i, Wi is the corresponding PMI and RI equals interference and noise outside the CoMP measurement set.

There are several hypotheses for DPS depending on which points are assumed to be transmitting and which ones are assumed to be muted. In order to reduce the number of combinations that the UE has to test, the eNB can for example control the UE assumption about the interference from non-transmitting points within the CoMP measurement set according to the applied CoMP scheme, i.e. the parameter αi in the above equation. Using the offset parameter αi, dynamic point selection schemes with (αi = 0) and without (αi = 1) blanking can be supported by proper configuration. Furthermore, CS/CB schemes targeting at reduced interference level can be supported without any additional feedback by configuring αi ϵ [0, 1] according to expected interference reduction due to coordination. Hence with the parameter the eNB can support various CoMP schemes without increasing the number of different CoMP transmission hypotheses that the UE has to test in the CQI calculation.

To visualize the required combinations, let us use the following notation: We denote by P that a point is transmitting, and by αi that point i is interfering such that in CQI computation the UE should assume a reduction in the interference level from that point according to the offset parameter αi. Using these notations, for two cooperating points we can have following hypotheses [P αi] and [αi P] while in addition we can have the noncoherent JT hypothesis [P P]. For three cooperating points we can have the following hypotheses [P αi αj], [αi P αj], [αi αj P] and in addition the noncoherent JT hypothesis [P P P]. As mentioned, additional hypotheses with inter-CSI-RS-resource phase combining could be considered if the feasibility of those schemes is first proven.
Proposal: The reported aggregated CQI is based on one of multiple CoMP transmission hypotheses.
· UE reports the assumed CoMP transmission hypothesis along with the CQI.
Grouping the point operation hypothesis into multiple CoMP schemes selection options allows indication of multiple possible CoMP transmissions, hence selecting from multiple CQI hypothesis. As explained, the CoMP scheme selection options allow CoMP scheme varieties to be controlled. For example, the network may configure UE for certain CoMP scheme option by indicating only a subset of all CoMP scheme selection options to be tested. The CoMP feedback would be such that UE reports PMIs and a CQI corresponding to the CoMP assumption selected by the UE from the configured subset of the CoMP schemes. Note that in minimum the size of the subset CoMP schemes may be one which refers to the case that network configures the UE to a certain CoMP mode, for example noncoherent joint transmission. If size of the subset CoMP schemes is more than one and more feedback can be allowed, UE could report also CoMP feedback corresponding to more than one hypothesis.  
Proposal: The eNB can control which CoMP transmission hypotheses are tested by the UE by

· Controlling an interference power offset for the interfering points within the CoMP measurement set

· Restricting the set of CoMP transmission hypothesis options
4 Signaling options 

From the previous CQI hypotheses, one can note the following situation: in one case we have the joint transmission from the CoMP set, that is for example the [P P] hypothesis. Let us denote the corresponding CQI with CQI1 for this assumption. On the other hand, we have the assumption of interference or muting coming from the non-transmitting points, that is the [P αi] hypothesis. Let us denote the corresponding CQI with CQI2 for this assumption. In general, the following relation will be observed by the UE: CQI1 > CQI2. In other words, from UE perspective joint transmission might be better in most cases. However, this might not be the case from system perspective, and hence it would be desirable that the UE would not be reporting CQI corresponding to joint transmission all the time.
To get around the problem, at least following solutions are possible:

· Reporting multiple CQI values. One would report both CQI1 and CQI2, covering multiple CQI hypothesis. CQI2 may be computed also as a delta CQI compared to CQI1. The main issue with this approach may be that the uplink feedback overhead is increased.
· RRC-configured CQI type. In this case the eNB would indicate the specific hypothesis for which the CQI needs to be computed. The main drawback is that the flexibility towards different CoMP schemes is lost.
· Utilizing a power offset or CQI threshold between the schemes. In this case the two CQI1 and CQI2 are computed, while based on an indicated CQI threshold one of the CQIs is reported. Hence the UE will report CQI corresponding to joint transmission only if the corresponding CQI is by a threshold better than e.g. dynamic point selection.
From the options above we have the following observations: From complexity perspective, it is of course simpler to get an indication on CQI hypothesis and compute only one CQI. This might prohibit some fast CoMP scheme selection possible to be done by the UE. On the feedback side, it is important to keep a minimum overhead, hence feeding back only one CQI value is beneficial. The last option would allow controlling too aggressive JT CoMP selection by the UE, which may be beneficial from the system point of view.
5 Conclusions
In this contribution we have discussed the CQI feedback options for multi point transmission. Our observations and proposals can be summarized as follows:
On CoMP CQI feedback:

Observations: 

· Aggregated CoMP CQI has been demonstrated to provide performance benefits.

· Aggregated CoMP CQI may be required for CoMP feedback testing purposes.
Proposal: Consider specifying an aggregated CQI indicating the CQI based on a multi-point transmission hypothesis.

· Strive for a CQI definition that provides flexible support of multiple CoMP schemes while keeping the added feedback load and UE computational complexity in minimum.

On CQI hypothesis made by the UE to calculate the aggregated CQI:
Proposal: The reported aggregated CQI is based on one of multiple CoMP transmission hypothesis.
· UE reports the assumed CoMP transmission hypothesis along with the CQI.

Proposal: The eNB can control which CoMP transmission hypotheses are tested by the UE by

· Controlling an interference power offset for the interfering points within the CoMP measurement set

· Restricting the set of CoMP transmission hypothesis options
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