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1. Introduction
A proper CQI definition is essential to ensure the good performance of CoMP schemes, especially for the bursty traffic. After extensive and insightful discussions, some consensuses on CQI definition have been achieved during the last meetings [1], which are applicable for both FDD and TDD CoMP operations.  
LTE TDD systems have the unique characteristic – channel reciprocity. That is to say, an LTE TDD system can obtain channel state information (CSI) via exploiting channel reciprocity once its antenna calibration has been implemented. In this case, a UE is not necessary to report the PMI(s). Consequently, non-PMI/RI reporting has been introduced to current LTE TDD systems to reduce the feedback overhead without performance loss. As a natural extension, such reporting mode should also be supported for TDD CoMP operations [2-5]. Moreover, as CoMP operations introduce larger feedback overhead, non-PMI/RI reporting will offer more benefits in this case.
In this contribution, we discuss the CQI definition for non-PMI/RI reporting, and show that the current CQI definition of Rel-10 is not sufficient for TDD CoMP, which motivating the introduction of a modified or new CQI definition.  
2. Background

To reduce the feedback overhead of TDD systems that can exploit channel reciprocity to obtain channel state information, non-PMI/RI reporting mode has been specified for Transmission Mode 7/8/9, which is shown in the following tabel [5]. 
Table 7.2.3-0: PDSCH transmission scheme assumed for CSI reference resource [5]
	Transmission mode
	Transmission scheme of PDSCH

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

	9
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity 

If the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 


From the tabel, we can see that when a UE is configured without PMI/RI reporting, the assumed PDSCH transmission for CQI definition is :
· Signal-antenna port transsmion through port 0 if there are only one CRS port

· Transmit diveristy through port 0/1 or 0/1/2/3 if there are two or four CRS ports

Thus, the current CQI for non-PMI/RI reporting is calculated based on CRS ports. Up to Rel-10, any signal  transmitted to some UE is from its serving cell and the transmit antennas are collocated. Thus, CRS-based CQI can work well for non-PMI/RI reporting under the condition that atenna calibration is done. However, it will not sufficient for some CoMP cases due to the the geographically distribution of transmit points (TPs).   
3. Rel-10 CQI definition not sufficient for Rel-11 CoMP 
The main difference between Rel-8/9/10 systems and CoMP systems is that the transmission points are not collocated. Taking Figure 2-1 for example, where cell 1 is the UE’s serving cell and the serving cell CRS is transmitted from cell 1. However, the data for the UE may transmitted from cell 2. Such non-collocation of TPs would raise new issues in some cases, and lead to the unworkability of Rel-10 CQI for non-PMI/RI reporting , which will be shown below.
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Figure 2-1: Illustration of one CoMP Scenario

When an LTE TDD system configures some UE without PMI/RI reporting, it should do antenna calibration to ensure the channel reciprocity. Single-point antenna calibration technologies have been proved to be mature and be widely used in CMCC’s TD-SCDMA networks.  However, multiple-point/cell antenna calibration has not been fully verified and it will lead to higher requirements for the inter-point/cell connection and increasing complexity.  
Ttaking into account the cost, robustness and benefits of different antenna calibration solutions, LTE TDD systems may not support coherent joint transmission, and only do antenna calibration at each TP/cell independently in some scenarios, rather than joint antenna calibration among multiple transmit points/cells. Then, we can get the following equations:
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Where 
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is an ambiguous complex scale between DL and UL channels, and its value is unknown to the system.
 In the following subsections, we show that current CRS-based TxD transmission mode for non-PMI/RI reporting is not workable in the CoMP scenarios when individual antenna calibration is done at each transmit point/cell. To simplify the discussion, we only consider dynamic point selection (DPS) in analysis.   
2.1 CoMP Scenario 1/2/3

Since CoMP scenario 1/2/3 has similar problems, we only take CoMP scenario 3 for example and assume cell 1 is the serving cell. Thus, we can simplify the CRS-based TxD CQI as:
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 are the power of interference and noise, respectively. The UE calculated and feedback 
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, the network should adjust it and choose a proper MCS for the data transmission.  For PDSCH transmission, there are two possibilities:

1. PDSCH is transmitted from Cell 1: When the network received 
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 and determined the beamforming weight 
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, then the CQI can be adjusted as follows:
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Since 
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are known, the network can choose the proper MCS for the UE based on the modified CQI.
2. PDSCH is transmitted from Cell 2: When the network received 
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 and determined the beamforming 
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, then the CQI can be adjusted as follows:
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Since 
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is unknown, the network cannot determine the value of 
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, thereby leading to the uncertainty of channel quality and MCS choice.  
2.2 CoMP Scenario 4

The CRS signals are transmitted from all the transmit points within the CoMP cluster. Thus the UE estimated the SFN channel based on CRS and calculate the CQI as follows:
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When the network received 
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, and determined to transmit PDSCH from cell 1 using beamforming 
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, then the CQI can be adjusted:
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Since 
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 are unknown, the network cannot determine the value of 
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, thereby leading to the uncertainty of channel quality and MCS choice.
The above-shown examples illustrate that Rel-10 CRS-based CQI for non-PMI/RI reporting cannot support dynamic point selection (DPS) scheme in some scenarios. Meanwhile, DPS is one of the three schemes supported in Rel-11 CoMP.  Thus, we have the following observation:

Observation 1: Rel-10 CRS-based CQI for non-PMI/RI reporting is not sufficient for Rel-11 CoMP TDD systems when each TP does antenna calibration independently rather than joint antenna calibration among multiple TPs/cells.
4. CQI definition for non-PMI/RI reporting in TDD CoMP systems
Rel-10 CQI definition for non-PMI/RI reporting has two constraints:
· C1: Tied to the serving cell

· C2: Based on CRS

To better support Rel-11 CoMP operations, any new CQI definition for non-PMI/RI reporting would relax one or two of the above constraints. 
To limit the standardization effort and the complexity of LTE system, we should follow Rel-10 design principle as much as possible. A straightforward approach is to remove constraint C1, and get the following solution:
·  Alt 1: CRS-based TxD CQI for each cell

However, Alt 1 is only applicable for CoMP scenario 1/2/3, and not workable for CoMP scenario 4 as all the TPs share the same CRS ports in this scenario. As a general requirement, a common solution for all CoMP scenarios should be specified to reduce the standardization efforts and complexity of UE implementation.  Thus Alt 1 is not an attractive solution for Rel-11. 
To find a common solution, we need more flexibility and should remove constraints C1 and C2.  Then, there are three possible solutions:
· Alt 2: Precoding-based CQI for each TP/cell with predetermined PMI(s)
·  The CQI is calculated in the same way of PMI/RI reporting excepted that the PMI(s) is  predetermined
· Alt 3: Port-7-based CQI for each TP/cell
· Alt 3a:  All the transmit points are virtualized to one CSI-RS port (port 7)
· Alt 3b:  UE calculates CQI assuming single port transmission (port 7) when there are multiple CSI-RS ports

· Alt 4: CSI-RS-based TxD CQI for each TP/cell

These three alternatives are applicable for scenario 1/2/3/4. Now we discuss their pros and cons in turn.
Alt 2:
· Pros

· Uniform CQI calculation for non-PMI/RI reporting and PMI/RI reporting
· Cons

· More standardization efforts as what predetermined PMI(s) should be chosen are quite arguable. 
In Rel-10, there were extensive discussions on Alt 2, but without consensus due to the large discrepancy in the choice of predetermined PMI(s). Taking in account the tight timeline of Rel-11, we are afraid it is risky to specify Alt 2 and may lead to no conclusion.  It can be further studied in Rel-12 if necessary.
Alt 3a:

· Pros
· No standardization effort

· Implemented by configuring one CSI-RS port and PMI/RI reporting

· Cons
· Potential coverage problem of CSI-RS since the virtualization changes the effective antenna pattern, e.g., 3-dB beamwidth has been changed
· Potential transmit power loss of CSI-RS if the amplitudes of some weights are less than 1
Alt 3b:

· Pros

· Little standardization effort

· Cons

· Inefficient utilization of full power of CSI-RS

· Potential degradation of CQI accuracy

For each TP is equipped with only 1 transmit antenna, Alt 3a is a natural choice. However, when there are multiple transmit antennas, Alt 3a will suffer the above-mentioned disadvantages. Thus Alt 3a is not a preferable solution for the cases where TPs are with multiple transmit antennas. Alt 3b is not a favorite one either due to its own potential problems. 
Alt 4:
· Con
· Better support for the CoMP scenarios where TPs are with multiple transmit antennas 
· Pros

· Not support 8 CSI-RS ports
As CRS-based TxD CQI is used for Rel-8/9/10, it is a nature extension to assume a CSI-RS-based TxD CQI for non-PMI/RI reporting. We should note that the CSI-RS-based TxD is not a real transmission scheme, but a “virtual” one just for CQI calculation. Meanwhile, TDD CoMP without PMI/RI reporting is not expected to configure 8 CSI-RS-ports, because 

· Larger CSI-RS ports will lead to larger overhead and more severe impacts on Rel-8/9 UEs. 
· Compared to LTE FDD systems, CSI-RS resources are quite limited in LTE TDD systems

Thus, the number of port per CSI-RS-resource in TDD CoMP without PMI/RI reporting is usually 1, 2 or 4. As a result, the disadvantage of Alt 4 is no longer a problem.  
Based on the above discussions, we propose:

Proposal 1:  For a Rel-11 CoMP UE who is configured without PMI/RI reporting, 

· Port-7-based CQI of each TP/cell is defined if there is only one CSI-RS port

· CSI-RS-based TxD CQI of each TP/cell is defined if there are two or four CSI-RS ports
5. Conclusion
This contribution discussed the CQI definition for Rel-11 CoMP without PMI/RI reporting. By analyzing Rel-10 CQI definition and different CoMP scenarios, we have the following observation:
Observation 1: Rel-10 CRS-based CQI for non-PMI/RI reporting is not sufficient for Rel-11 CoMP TDD systems when each TP does antenna calibration independently rather than joint antenna calibration among multiple TPs/cells.
We also discussed several potential solutions and compared their advantages and disadvantages. Based on the analysis, we propose:
Proposal 1:  For a Rel-11 CoMP UE who is configured without PMI/RI reporting, 

· Port-7-based CQI of each TP/cell is defined if there is only one CSI-RS port

· CSI-RS-based TxD CQI of each TP/cell is defined if there are two or four CSI-RS ports
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