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1 Introduction
Proper CQI estimation for CoMP is important for efficient downlink performance. As the CoMP measurement set size increases, the number of possible CQIs corresponding to different scenarios of transmitting and interfering base stations increase. This contribution provides a method by which a group of transmission points (TP) can configure CSI-RS resources, so that the UE can measure certain possible CQI that correspond to specific channel and interference conditions that can arise during actual data submission. Using these values, we show how other possible CQI values corresponding to a different set of channel and interference conditions can be interpolated by the CoMP scheduler.
2 CQI Estimation for CoMP 
Consider a UE and its CoMP measurement set. Currently when a TP transmits CSI-RS, the other TPs in the measurement set can configure ZP-CSI-RS to aid in channel estimation. This leads to inaccurate interference estimation. However the number of interfering situations is numerous depending on if TPs are blanked during actual PDSCH transmission. 
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Fig 1: For 2 TPs (macro + pico) in the measurement set, 4 different possibilities during data transmission
In Fig 1 we show 2 TPs (1 macro and 1 pico) in the measurement set and different combinations of interference that may arise due to DPS/DPB. It is not possible to configure CSI-RS resources for all possible scenarios as the overhead would increase. Thus a few CSI-RS resources have to be configured. The UE reports CQI for these and the CoMP scheduler has to estimate CQIs for other configurations if they are transmitted during actual PDSCH transmission [1] [2] [3].
Assume that there are N TPs in the measurement set. Practical values of N are 2 or 3 (for HetNets) [4]. The following CoMP algorithm proposes a way by which the TPs can configure their CSI-RS resources to estimate the various CQIs.
1) Order the TP in decreasing DL signal strength to the UE. Thus if Hn denotes the DL channel from TP n, then |H1|2 ≥ |H2|2 ≥ … |HN|2
2) Configure N CSI-RS resources for the UE. 

3) For CSI-RS resource n such that n ≤ N, the TP n transmits non zero power CSI-RS. 

4) All those TP that have higher signal strengths than TP n, i.e. base stations 1 to  n-1 are muted (i.e. configured to transmit zero power CSI-RS)

5) All those TPs that have weaker signal strengths to the UE, i.e. the base stations n+1  to N can transmit PDSCH. 
6) The UE reports CQI values corresponding to these CSI-RS resources. 
During actual PDSCH transmission, if TP n is transmitting data to the UE, the TP with higher signal strength will be muted as otherwise they would cause very high interference. This will be implemented by the CoMP scheduler. In such a case the CQI corresponding to the CSI-RS resource n is a lower bound when TP n transmits to the UE. This is because while calculating CQI corresponding to this CSI-RS resource, all TPs from n+1 to N were interfering. In actual data transmission some of them might also be muted. The following steps are now performed to obtain an upper bound to CQIs and then interpolation. 
1) The UE can report can extra CQI corresponding to aggregated CQI. This gives an upper bound to the achievable CQI value that corresponds to actual PDSCH transmission.

2) From the UE reported upper bound and lower bounds on CQI corresponding to each TP transmitting, the CoMP scheduler can interpolate the other values of CQIs, that would correspond to different sets of interfering TPs. 

3.   Illustrative Example
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Fig 2: Illustration of a UE and its CoMP set
Consider N = 3. Thus the order of the TP in terms of decreasing signal strength to UE is
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. When TP 1 transmits CSI-RS 1, TP 1 is signal and TP 2 and TP 3 act as interference. When TP 2 transmits only TP 3 acts as interference and TP 1 is muted. When TP 3 transmits, TP 1 and 2 are muted. The received signal in the 3 CSI-RS resources are 
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With the help of these the UE can determine the following CQIs
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The UE also reports a CQI cmax that corresponds to the aggregated CQI that acts as upper bound. 
Recall that CSI-RS transmission was just for channel estimation. During an actual data transmission, when TP k is transmitting, any of the remaining k+1 to N TP can transmit acting as interference. E.g. During actual transmission TP 1 might be transmitting and TP 2 muted, leading to the following supported rate 
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Now this CQI has to be predicted from c1, c2, c3, and cmax. The CoMP scheduler use linear interpolation to calculate this and other CQI values that may arise during actual PDSCH transmission. The base station can use the following strategy

1) Determine the transmitting base station k and obtain its lower bound on transmission ck and approximate its upper bound to a value cup < cmax  where cup is lower as base station ordering increases.  
2) Determine the actual number of interfering base stations and use this to choose a value between ck and cup. This is the linear interpolation method. If the actual number of interfering base stations is same as that used for CQI reporting, chose CQI = ck. Else chose a higher value.

Note that this method may not predict the exact value of CQI, but for most purposes an approximate value is good enough. Any subsequent deviation can be corrected by the OLLA. Also CQI reporting already has errors due to quantization and feedback delay. Thus obtaining the exact value of CQI is anyways not possible and a good enough starting value will suffice. 
4.   Conclusion
In this contribution we have presented an algorithm for CQI estimation and interpolation relevant for a set of base stations serving UEs via DPS. Based on this algorithm we have the following proposal
Proposal 1: N+1 CQI reports are enough for a CoMP measurement set size N such that the upper and lower bounds on CQI during PDSCH transmission can be estimated.
Proposal 2: The CoMP scheduler will linearly interpolate to obtain other possible CQIs.
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