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1 Introduction
In RAN1#67, it was agreed that the interference measurement will be enhanced in Rel.11 to support CoMP operation. Several interference measurement methods were proposed [1] to use the zero-power or non-zero-power CSI-RS or hybrid methods using both types of CSI-RS. In the previous meeting, the following items was agreed: [2] 
· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB
and the agreement from RAN1 #67 said that
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback
CQI definition for CoMP is discussed in contributions [3-4]. In this contribution, we focus on the definition of CQI and the feedback reduction mechanism for CoMP. The UE does not need to report CQIs of all combinations of CoMP operations according to the multi-threshold scheme. The similar idea used for feedback reduction of MU-MIMO is proposed in [5]. Therefore, the feedback load of UE can be reduced dramatically and the size of report of CQIs for the UE may be dynamic changed with the SINR quality.
2 CSI-RS Based Interference Measurement
It was agreed that the interferecne measurement using CRS REs alone are not enough. Thus, the CSI-RS based interference measurement is used rather than the methods relying on the CRS. Therefore, the interference measurement should be re-designed in Rel. 11 especially for CoMP schemes. In order to select sutible CoMP scheme, the CQIs for all knids of CoMP operations should be fed back from UE. One possible solution is hybrid method which uses zero-power and non-zero power CSI-RS REs to measure the received power between each transmission point (TP) and the UE.  To illustrate this idea, an example is shown in Figure 1. The UE is loacted in the serving coverage of TP-1 and the CoMP measurement set for that UE is 
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. The PTP-m represents the received power of the UE when the transmitter is TP-m, m=1,2,3. Thus, any combination of SINRs in the CoMP measurement can be caculated by {PTP-1, PTP-2, PTP-3}. For example, the SINR of DPS scheme using TP-m as the transmtter can be estimated by UE j seperately 
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                                              Figure 1. Illustration of  SU Dynamic TP selection              
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where the Iout represents the interference outside the CoMP measurement set. Especially note that the Iout can be measured by the zero-power CSI-RS RE when the REs at the same time and frequency index for different TPs are set to zero power. When CSI-RS and zero-power CSI-RS are configured, the received power of PTP-m can be estimated. One possible CSI-RS configuration is shown in Figure 2.
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                                                   Figure 2. Interference measurement configuration
3 Feedback Reduction Mechanism for CoMP
An UE may need to report multiple CQIs related to different CoMP transmission hypotheses, then the eNB can decide the operation mode of CoMP for data transmission. Thus, the feedback overhead will be increased linearly with the size of CoMP measurement set N. A multi-threshold model is proposed to reduce the feedback overhead for CoMP. The idea is illustrated in Figure 3. The serving TP will rank the TPs of CoMP measurement set according to the statistics of 
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 , m=1,2,..,N. Then the ranked CoMP measurement set can be expressed as {TP-serving, TP-(1),...,TP-(N-1)}. The multiple thresholds are used to divide the range of  
[image: image8.wmf],

jTPserving

SINR

-

 into two major parts, one is single cell CSI feedback region and the other is multi-cell CSI feedback region through the value Threshold_S. In addition, the multi-cell CSI feedback region is further divided into multiple sub-regions according to these thresholds {r1,r2,...,rN-1}. The region 
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 corresponds to the TP-serving and the region [rn, rn-1) corresponds to the TP with rank n in the ranked CoMP measurement set is represented as TP-(n). In general, the SINR values using a TP of the ranked CoMP measurement set as the transmitter can be expressed in decreasing order as 
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. The thresholds information are calculated at serving TP and then can be transmitted through PDCCH or RRC signaling. An example of detail derivation of thresholds is given in the appendix. 
For simplicity, we define the reporting set of UE as Ω. When UE's  
[image: image11.wmf],

jTPserving

SINR

-

 value belongs to single cell CSI feedback region, the UE only feedbacks its serving TP's CQI, e.g. Ω={
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}. In this region, the UE may think that itself has high SINR quality and can be scheduled in serving TP without using CoMP schemes with high probability. On the contrary, when UE's 
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 value belongs to the sub-region [rn, rn-1) in the multi-cell CSI feedback region, then the UE feeds back the CQIs using the transmitters of the set of {TP-(t), t=1,2,..,n.} and CQI using the transmitter of TP-serving. Because the average received power of the UE for the TPs of the set {TP-(t), t=n+1,...,N-1} are relatively smaller than the TPs of set of {TP-(t), t=1,2,...,n.}, the UE does not report the CQIs using the transmitters of set of TPs {TP-(t), t=n+1,...,N-1.}.
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                                                Figure 3. Multi-threshold feedback scheme for CoMP 
4 CQI definition for CoMP 

From previous meeting, the following statement is agreed
· The maximum size of CoMP measurement set is FFS between 2 or 3 CSI-RS resources 
Thus, we set the size of CoMP measurement set N=3 as an example to caculate the CQIs for CoMP operation when the multi-threshold schme is used . In the follwing example, we do not consider the muting case of TP. Because the  
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 value may belong to different regions, the contents of CQI report of UE may be different. Thus, we discuss the different cases separately according to the 
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 quality. First, we define the 
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Case1: UE j only feedbacks the CQI using TP-serving as the transmitter when 
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, then 
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Case2 :UE j feedbacks CQIs using the transmitters of the set of {TP-serving, TP-(1)}  when 
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JP using two TPs: 
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then 
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Case3 :UE j feedbacks CQIs using the transmitters of the set of {TP-serving, TP-(1) ,TP-(2)}  when 
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DPS: 
[image: image30.wmf](1)

1

,((1))

(2)2

1

TP

jDPSTP

TPservingTPouts

P

CQI

SINR

PPICQICQI

-

-

--

==

++++


DPS: 
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JP using any of two TPs :  
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JP using all TPs: 
[image: image33.wmf](1)(2)

,(,(1),(2))12

TPservingTPTP

jJPTPservingTPTPs

out

PPP

SINRCQICQICQI

I

---

---

++

==++


then 
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Thus, when UE’s SINR belongs to the region 
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, the UE only feedbacks the CQI using  serving TP as the transmitter.  When UE’s SINR belongs to the region
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, the UE feedbacks CQIs using the transmitter of the set of {TP-serving, TP-(1)}. Only when the UE’s SINR falls into the region
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, the UE feeds back CQIs of all combinations of CoMP schemes.  Thus, when the UE's 
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 is greater than r1, the feedback load of UE can be reduced. Therefore, the feedback overhead /load can be reduced dramatically when the multi-threshold scheme is used. Especially to note that the muting method is used at the TP, the TP with smaller rank in the ranked CoMP measurement set except the TP-serving is muted. Because this TP may cause the data transmission with large interference, thus we chose to turn off the power of this TP to reduce the interference. Some CoMP schemes may not be operated due to lack of CQI information which results in a small throughput loss, but the feedback load can be reduced dramatically. Based on the proposed reduction method, we summarize the CQI mapping for CoMP operations and the reporting set in difference cases of UE in the following tables.
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Table 1.  CQI definition for the size of CoMP measurement set N=2
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	Case III: 
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Table 2.  CQI definition for the size of CoMP measurement set N=3
5 Conclusion 
In this contribution, we proposed a feedback reduction scheme and CQI definition for CoMP. The basic idea is to let the UEs autonomously determine how many combinations of CQIs need to be fed back to perform single cell transmission (Rel. 8/9/10) or CoMP schemes (Rel. 11) according to the pre-determined multiple thresholds. 
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Appendix
Example : Derivation of threhsolds 
· Single cell CSI feedback region 

We assume that total number of users is K in the coverage of serving TP. As we know, the UE can be scheduled at the eNB according to the scheduling algorithm and UEs' CQIs. Thus, we consider the maximum sum rate scheduling algorithm to derive the threshold as an example. If the UE has higher SINR, the UE will be selected with high probability. Thus, we divide the range of SINR into K regions according to UE's rank. Each region can map to a certain rank. The probability of UE j in the serving TP can be ranked among K UEs with order p is 
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For a given pre-determined order p, then the region of rank p can be decided by 
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then, Threshold_S=sinrj,TP-serving.  In addition, the Threshold_S can be changed according to the order p.
· Multicell CSI feedback region 
We assume that the size of CoMP measurement set of UE j is N. The UE j estimates the statistics of SINRs using the each TP in the CoMP measurement set as the transmitter and feeds back the statistics of SINRs to the serving TP. Then the serving TP ranks TPs in the CoMP measurement set according the statistics of SINR in each TP in CoMP measurement set. Thus, the probability of SINR between UE j and TP-k can be ranked amomg N TPs with order p is 
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   where the 
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denotes summation all (N-1) permutations of 
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.  The similar method is used to obtain the threshold 
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Submitting p from 1 to N-1, we can obtain the set as 
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