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1. Introduction
In current TR 36.819 [1], individual per-point feedback with or without complementary inter-point feedback is considered as baseline. In this feedback structure, a UE reports per-point CSI and an eNB processes these multiple information components to operate CoMP transmission techniques. Since accuracy of CSI compensation at the eNB has an effect on CoMP performance, per-point CSI should be carefully calculated at the UE in terms of scalability among different CoMP schemes. In this contribution, we describe four alternative CQI definitions for CoMP feedback and investigate each alternative’s scalability for various CoMP schemes. Alternative 1, 2, 3 are presented as per-point feedback and alternative 4 as aggregated feedback in which reported CSI reflects the effect of a certain CoMP scheme. Also, we discuss CQI measurement issue for the alternatives in Section 3.
2. CQI definition for multi-point CoMP

Figure 1 describes an example of CSI feedback information for CoMP that consists of RI, PMI, phase corrector and CQI, assuming that serving transmission point 0 and neighboring transmission point 1 and 2 comprise the CoMP measurement set. We introduce ‘common RI restriction’ given in [4], so RI indicates transmission rank that commonly applied to all transmission points. PMIi is a quantized version of the channel direction information from transmission point i to CoMP UE. That is, PMI0 describes channel direction which maximizes the received channel gain from serving transmission point, and PMI1 and PMI2 may indicate the channel direction which causes the strongest inter-transmission point interference from transmission point 1 and 2 to CoMP UE, respectively. Phase corrector is exploited for coherent combining in the case of coherent joint transmission. RI, PMIs, and phase corrector are scalable feedback information since all of those are used for JT, CS/CB, or DPS
. Now, our concerns are what CQI definitions are appropriate in terms of scalability and how CoMP UE can measure it. For example, serving eNB may be required to calculate CQIs for every CoMP schemes and for every combination of active CoMP transmission points based on the reported CQI0, CQI1 and CQI2. Figure 1 shows the CQI that will be obtained when transmission point 1 and 2 collaborate with transmission point 0 by coordinated beamforming or joint transmission. We note that 
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 denotes the received signal power from transmission point i assuming precoding matrix is matched to PMIi​ and  is the amount of interference power reduction resulting from coordinated beamforming by transmission point i. 
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 means averaged received power during the measurement interval which may be CQI feedback period or longer, i.e., 
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 are time-averaged noise plus received interference power from non-CoMP transmission points and time-averaged received power from transmission point i, respectively. We also note that, during the CQI feedback period, precoding matrix of each of transmission point can be changed frequently even in a slow fading channel environment since scheduling occurs in every TTI [2].
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Figure 1. CSI for CoMP

For CQI definition, we consider four alternatives as shown in Table 1 and explain one by one. We express CQI in the form of SINR but it may be quantized into adequate MCS level. 

	
	CQI0
	CQI1
	CQI2

	Alternative 1
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	Alternative 2
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	Alternative 3
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	Alternative 4
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Table 1. Alternative definitions of CQI for CoMP

· Alternative 1

In this case, CQIi is calculated under the assumption that the signal from the transmission point i is regarded as the desired signal even though non-serving transmission point does not transmit the desired signal in the case of CoMP coordinated beamforming. Besides, the denominator of CQIi, i.e., noise plus received interference power is calculated by excluding the interference from CoMP transmission points. 
For JT, it is obvious that the network should be able to estimate the interference only accounting for the interference outside the transmission points, i.e., the signal of the JT transmission points should not be counted in the CQI calculation. In addition, it is also beneficial to exclude the interference from the coordinating points even in CS/CB case because it becomes easier for the network to estimate the actual CQI achievable by CS/CB operation by adding the interference level outside of the CoMP set and the estimated interference leakage from the coordination points to the concerned UE.
Obviously, we can derive CQI for any CoMP case from CQI0, CQI1 and CQI2 by this alternative. For example, CQI for coordinated beamforming is calculated as follows:
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where 
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 represents the correlation coefficient between reported PMIi and the final precoding matrix which is actually used for signal transmission at the transmission point i. Also, CQI for coherent joint transmission is calculated as follows: 
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An issue regarding this alternative is that it is difficult to estimate the common denominator, the averaged noise plus interference power from non-CoMP transmission points. This issue will be discussed in the next section.

· Alternative 2

This alternative is similar to alternative 1 in that CQIi represents the SINR that is calculated by regarding the transmission point i as the serving transmission point. The difference is that alterative 2 includes the interference power from CoMP transmission points in calculating each CQI. In contrast to alternative 1, there is no measurement issue in this case since the denominator of CQIi consists of noise plus interference power received from all transmission points except for the transmission point i. In the other words, this measurement operation is the same as that of Rel-8 UE. One drawback of this alternative is that CQI for coordinated beamforming and joint transmission is hard to be derived from the reported CQIi at serving eNB. 

· Alternative 3 
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This alternative is similar to alternative 2 which calculates the SINR as the serving transmission point. Compared with alternative 2, its difference is that the denominator of CQIi consists of noise plus interference power received from all transmission points except for the serving transmission point. Like alternative 2, alternative 3 has no measurement issue. If we denote 
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, eNB can calculate approximate CQI for coordinated scheduling/beamforming using only reported values from UE as follows:

where 
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 is a compensation parameter for removing the difference between 
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Approximate CQI for coherent joint transmission can be calculated as follows:

· Alternative 4

In alternative 4, CQI0 is a conventional CQI which is the same as that of alternative 2 and 3 but CQI​i represents the increment from CQI0 when transmission point i participates in collaboration alone. The latter CQIs may be different for different CoMP points and schemes. For example, in the case of coordinated beamforming 
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 is expressed as shown below.
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CQI in the case where transmission point 1 and transmission point 2 conduct coordinated beamforming at the same time can be simply derived from CQI0, 
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 but that for joint processing cannot be obtained. Even if a new feedback information 
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 is additionally reported in consideration of coherent joint transmission between two transmission points,  CQI for dynamic transmission point selection and for three transmission point joint transmission cannot be precisely calculated. Besides, 
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 is not simply measurable; we explain the details on measurement in the next section. 

3. CQI measurement for CoMP
In section 2, we consider four alternative CQI definitions. In the case of alternative 2 and 3, CQIi is measurable based on the reference signal transmitted by each of collaborative transmission points. Meanwhile, in both alternative 1 and 4, CQI calculation is tricky because 
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, the averaged noise plus interference power from non-CoMP transmission points, is not simply measured. A few possible ways for UE to approximate [image: image34.wmf]N

 is given in [3] such as “measurement restricted subframes,” “use of zero-power CSI-RS for interference measurement,” or “adjustment of interference measurement result based on channel estimation for coordinating points”.
4. Summary
In this contribution, we discuss CQI definitions and measurement issues especially in CoMP feedback.  We summarize four alternative CQI definitions and measurement issue as follows:
· Alternative 1
It provides accurate CQI for every CoMP cases but a new method is needed to measure CQI0, CQI1, CQI2
· Alternative 2
It has no measurement issue since measuring CQIs in the same way as legacy UE does. However, CQI estimation for various CoMP cases at serving eNB seems difficult.
· Alternative 3
There is no measurement issue like alternative 2 and it seems easier to approximate CQI than alternative 2.
· Alternative 4
Relatively small feedback payload size is required due to the narrow range of delta. Nevertheless, it seems difficult to measure delta at the CoMP UE side and approximate CQI for the other CoMP schemes at the serving eNB side. 
 As discussed anyone among the four alternatives cannot be a complete scalable CoMP CQI feedback which covers all the CoMP cases without any measurement issue, so further study is needed in this regard.
______________________________________________________________________
References
[1] R1-112882, 3GPP TR 36.819 V1.2.0(2011-09)
[2] R1-080887, CQI measurement methodology, Ericsson.
[3] R1-113190, Consideration on interference measurement for CSI feedback, LGE
[4] R1-113275, Consideration on CoMP CSI Feedback, LGE























































































� EMBED Equation.3 ���






































� EMBED Equation.3 ���








� Here, we assume that all the CoMP transmission strategies are performed based on the PMI from each coordinating transmission point. In the case of coordinated beamforming, a coordinating transmission point (non-serving transmission point) does beam avoidance operation by using a precoding matrix which has low correlation with the reported PMI. In the case of joint transmission, a coordinating transmission point selects a precoding matrix which matches well with the reported PMI.
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