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1. Introduction 

CSI feedback enhancement for DL CoMP has been a major issue in the RAN1 #66 meeting and CoMP CQI was discussed as part of a new feedback mechanism for Rel-11. 
In this contribution, we propose an enhanced CQI feedback scheme for CoMP and provide some simulation results of our proposed scheme in the joint transmission (JT).
2. CoMP CQI

So far, several types of COMP CQI feedback have been discussed: individual per-cell CQI feedback,  aggregated CQI feedback, and their hybrid schemes [1][2]. Some of their characteristics are summarized below.
· Individual per-cell CQI feedback:
· Difficult to guarantee the accuracy of CoMP CQI in the CoMP transmissions, especially in JT. 
· Suitable when the UE doesn’t know the CoMP transmission configuration

· Aggregated CQI feedback: 
· Provides better CQI accuracy
· Provides guaranteed performance
· Hybrid scheme
· Combines the advantages of the above two schemes
3. Proposed CoMP CQI scheme
 We propose an enhanced CoMP CQI feedback scheme, which not only combines the aggregated CQI feedback and the individual per-cell CQI feedback, but also determines the current user’s transmission set, to improve the system throughput.
The proposed CQI feedback solution procedure is described as follows 1) - 3). 
1) Determination of CoMP cooperating set
Based on the RSRP values of all the eNBs in the CoMP measurement set reported from the UE, the serving eNB decides whether the UE is currently in the CoMP operating set. In the serving eNB, the difference of RSRP values of serving cell and RSRP of other cells in the CoMP measurement set are compared with a predetermined RSRP threshold value.
                   RSRP serving_cell –RSRPCell_i < thresholdRSRP                      (1)
Here, the serving cell and the cells with the corresponding RSRP difference smaller than the threshold are to be identified as the UE’s CoMP cooperating set.
2) CoMP CQI feedback

Once CoMP cooperating set is determined at the eNB, the UE obtains the CoMP scheme from the eNB.

· When the scheme is JT, aggregated CQI feedback is chosen.
· When the scheme is CS/CB, individual per-cell CQI feedback is chosen.
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Figure 1 UE’s CoMP cooperating set.
Figure 1 shows an example of a downlink CoMP model, where the CoMP cooperating set for the UE consists of three cells: Cell 1, Cell 2 and Cell 3. Here, Cell 1 is the serving cell and we assume that Cell 3 gives the lowest signal power at the UE.
· CS/CB case 
The UE performs individual per-cell feedback with CoMP CQIs, which can be represented by: 
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where
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 is the received signal power from Cell i, N is the additive white Gaussian noise, and I is the interference from outside the cooperating set.
In Figure 2, the CoMP CQI when CS/CB is applied is illustrated.
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Figure 2 CoMP CQI for CS/CB.
· JT case
The UE performs aggregated CQI feedback. The CoMP CQI used here is the aggregated CQI, which is defined by :
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  Since 
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 can be assumed in most of the time, this aggregation scheme can eliminate less meaningful combinations of potential aggregated CQIs, thus improving the efficiency in the feedback operation. 
In Figure 3, the CoMP CQI when JT is applied is illustrated.
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Figure 3 CoMP CQI for JT.
3) Determination of CoMP transmission points

The eNB then choose the CoMP transmission points based on the CoMP CQI feedback from the cooperating set.

· In CS/CB, the CoMP transmission point is determined referring to the best CQI in the CoMP CQI information. For example, in Figure 2, if CQI1 has the highest value, then Cell 1 is chosen as the transmission point.
· In JT, the CoMP transmission points are some of the eNBs in the CoMP cooperating set. The transmission points are determined using the following method:
· Cell 1
only

  if
CQI2 - CQI1 < thresholdCQI_JT             
· Cell 1 and Cell 2
  if
CQI2 - CQI1 > thresholdCQI_JT  and CQI3 – CQI2 > thresholdCQI_JT
· Cell 1,Cell 2,Cell 3 
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4. Simulation assumptions
Numerical simulations are performed with the assumptions shown in Table 1[4].
Table 1 Simulation assumptions
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 cell sectors per site.

	Number of users per cell
	25

	thresholdRSRP
	10dB

	thresholdCQI_JT
	2

	Distance-dependent path loss
	Macro-cell-to-UE
	ITU UMa with 25 m Tx antenna height

	
	Low power node-cell-to-UE
	ITU UMi with 10 m Tx antenna height

	Operating bandwidth (BW)
	10 MHz

	Shadowing standard deviation
	Macro-cell-to-UE
	ITU UMa

	
	Low power node-cell-to-UE
	ITU UMi

	Shadowing correlation
	Macro cell
	0 between macro-cell sites, 1 between macro-cells

	
	Low power node-cell
	0 between low power node-cells

	UE Speed
	3km/h

	Channel model
	ITU, UMa for macro; UMi for RRH

	Antenna configuration
	For macro eNB:
4 columns, vertically-polarized, closely-spaced: | | | |

For RRH:
0.5 λ-spaced vertically-polarized: | | | |

	CoMP scheme
	Joint Transmission

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver


5. Simulation results
We evaluate the performance of our enhanced CQI feedback scheme, and compared the proposed enhanced CQI feedback with the individual per-cell CQI feedback. Table 2 shows the performance summary in terms of spectral efficiency. 
Table 2 Performance summary of the proposed CoMP CQI feedback
	Schemes
	Cell average SE (bps/Hz/cell)
	5% cell edge SE (bps/Hz/cell)

	SU JT(per cell)
	2.37
	0.0914

	SU JT(enhanced)
	2.81
	0.113

	gain
	18.5%
	23.6%


Observation:


1. On the cell edge, 23.6% gain is achieved with the proposed enhanced CQI feedback when compared with the individual per-cell CQI feedback. 
2. On average, 18.5% gain is achieved.  
The results obtained here show the advantages of our proposed CoMP CQI feedback scheme.
6. Conclusion
In this contribution, CoMP performance with CQI feedback enhancement is proposed and its performance is evaluated. It is observed that the proposed enhanced CQI feedback solution significantly improves the spectral efficiency in both the cell average and cell edge, when compared with the per-cell CQI feedback. 
Proposal:



RAN1 is kindly requested to consider the feasibility of the proposed CoMP CQI feedback scheme.
 Reference 
[1] R1-113639, CQI feedback for CoMP, Huawei
[2] R1-113684, Discussion on CSI feedback schemes for DL CoMP, Sony Corp.
[3] 3GPP TR36.814 v9.0.0, Further advancements for E-UTRA physical layer aspects (Release 9).
[4] 3GPP TR36.819 v11.0.0, Coordinated multi-point operation for LTE physical layer aspects
_1387797543.unknown

_1387807976.unknown

_1387868106.vsd

_1387797545.vsd
PMI1


CQI3


PMI3


CQI2


PMI2


CQI1



_1387797548.unknown

_1387797541.unknown

_1387797542.vsd
PMI1


CQI3


PMI3


CQI2


PMI2


CQI1



_1387797540.unknown

