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1. Introduction
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-A as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1]. In RAN1#56bis, two categories of downlink CoMP have been agreed [1]: joint processing (JP) and coordinated scheduling/beamforming (CS/CB); and further, in RAN1#57, two types of CoMP set have been defined [1]: CoMP cooperating set and CoMP measurement set. 
The CoMP cooperating set is the set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE [1]. In this contribution, we discuss some aspects of UE-specific CoMP cooperating set [2][3] for join processing, and more specifically, we focus on the threshold for CoMP cooperating set selection and the maximum size of CoMP cooperating set setting. For evaluation purpose, we believe that it is needed to establish reasonable working assumptions regarding the “selection threshold” and “maximum size” of CoMP cooperating set [4]. Initial evaluation results for 3GPP case 1 and case 3 with 2D-antenna are provided in this study. Note that this is a re-submitted contribution of R1-092833.
2. CoMP Cooperating Set Selection
2.1 Decision on CoMP UEs
For all types of CoMP join processing techniques, there is a need to divide UEs into non-CoMP UEs and CoMP UEs, and only CoMP UEs can be configured to work under CoMP mode. According to the current researches, a promising method to decide a CoMP UE is based on the size of its CoMP operating set, i.e., the UE with more than one cell in the CoMP cooperating set is regarded as a CoMP UE [3-7]. Main goal of the application of CoMP transmission techniques is the mitigation of inter-cell interference (ICI). Since most of the cell edge UEs (CEUs) are with low geometry due to ICI, thus CEUs are usually the candidates to become CoMP UEs.
2.2 Threshold for CoMP Cooperating Set Decision
The CoMP cooperating set for a given UE is the set of collaboratively transmitting cells to the UE and might be dynamic defined, semi-dynamic defined or static defined. An average received signal power based CoMP cooperating set selection has been proposed by a number of companies [3-7], and we think that it could be a most promising means for CoMP operation. In the method, a cell will be added to a UE’s CoMP cooperating set if its average (long-term) received signal power strength is within a pre-defined threshold from the highest average received signal power, i.e., the average received signal power of the serving cell. Moreover, it is suggested that the average received signal power can be based on exiting RSRP measurement (for RRM purpose). For example, the CoMP cooperating set is selected as follows [3][4]:
· Suppose the average received signal power for a UE is ranked as 
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, where n is the size of the candidate set of interference cells. Note that the serving cell has the highest value, i.e. 
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· The cell i is added to the UE’s CoMP cooperating set if 
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 is the pre-defined threshold. Note that in the real network, we can have the eNB broadcasting the threshold 
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· The UE is treated as a CoMP UE if there are at least two cells in its CoMP cooperating set; otherwise, it is a non-CoMP UE.
As we can image that when the threshold is larger, more UEs (i.e., CoMP UEs) can enjoy benefits of CoMP. In our understanding, the threshold 
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 should be large enough to involve a sufficient number of users in low SINR region (i.e., CoMP UEs); however, in order to keep lower UE battery consumption and have uplink signalling overhead (i.e., air interface uplink load) in reasonable limits, this value should not be too large. Therefore, we think this threshold for CoMP cooperating set selection should be carefully chosen.
2.3 Maximum size of CoMP cooperating set
After the threshold value 
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 has been chosen, we can form UE-specific CoMP cooperating set. As for scheduling, eNB may request the UE to make certain CoMP feedback to the full set or a subset of the CoMP cooperating set/CoMP measurement set. Note that the CoMP measurement set may be the same as the CoMP cooperating set [1]. Based on CoMP feedback and exchanged information through eNB to eNB interfaces (e.g. UE pairing, precoding weights, link quality of individual link), CoMP cooperating set makes coordinated scheduling decisions. In order to keep system complexity at acceptable level and lower load in backhaul and uplink, we think that we should limit the size of CoMP cooperating set to a small and reasonable pre-defined number.
3. Simulation Results and Discussions
The simulation is conducted for macro-cell deployment case 1 and case 3 with 2D-antenna. A selection of simulation assumptions is listed in the Appendix. The average received signal power used for CoMP cooperating set selection is based on RSRP measurement. 
Figure 1 shows the percentages of CoMP UEs within a cell and here we consider the threshold 
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 for CoMP cooperating set selection ranged from 0 to 5 dB. Note that in the case of 
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, there is no CoMP UE, i.e., the system is without CoMP. Firstly, one can see that the percentages of CoMP UEs are almost the same in case 1 and 3 scenarios. Also we can find that the larger the threshold is, the larger the percentage of CoMP UEs becomes. To exemplify this, there are about 17% CoMP UEs when 
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, and this value goes to approximately 32% when 
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A number of contributions provided simulation results for downlink CoMP. In [3][8] the threshold 
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for CoMP UEs decision is assumed to be 3dB. In [9] a (single-cell) threshold on average SINR (or geometry) of 0 dB is assumed to differentiate CoMP UEs and non-CoMP UEs, and in it turns out that ~30% and ~32% of UEs are served as CoMP UEs in case 1 and case 3, receptively. Furthermore, the contributions [10-13] assume that 10~20% of UEs are CoMP UEs in the simulation. Therefore, it seems that for evaluation purpose, having the threshold value between 3-4dB for CoMP cooperating set selection could be a good working assumption for 3GPP case 1 and 3 with 2D-antenna.
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Figure 1. Percentage of CoMP UEs vs. Threshold 
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Figure 2 and 3 show the probability of the number of cells in CoMP cooperating set with different threshold 
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 for case 1 and case 3, respectively. Again, one can see from the figures that case 1 and case 3 have similar results. Furthermore, as shown in the figures, when 
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, there are nearly 5% of UEs with 3 cells in the CoMP cooperating set and only 1% of UEs have more than 3 cells in the CoMP cooperating set; and further, when 
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, there are about 7% of UEs with 3 cells in the CoMP cooperating set and approximately 2% of UEs have more than 3 cells in the CoMP cooperating set. Therefore, we can conclude that assuming the maximum size of CoMP cooperating no larger than 3 might be a reasonable working assumption for 3GPP case 1 and 3 with 2D-antenna.
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Figure 2. Probability of the number of cell in CoMP cooperating set in 3GPP case 1
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Figure 3. Probability of the number of cell in CoMP cooperating set in 3GPP case 3
4. Conclusion
In the category of CoMP join processing, establishing CoMP cooperating set is a very important issue; and further, the average received signal power based CoMP cooperating set selection could be a most promising method and may be agreed upon. Based on the average received signal power based method, we discuss the selection threshold and maximum size of the UE-specific CoMP cooperating set, and we also provide initial evaluation results for 3GPP case 1 and case 3 with 2D-antenna. In the evaluation, RSRP measurement is used for CoMP cooperating set selection. Simulation results show that the threshold value between 3-4dB for CoMP cooperating set selection could be a good choice for 3GPP case 1 and 3 with 2D-antenna, and according to the threshold range chose above, a reasonable working assumption for the maximum size of CoMP cooperating set should be no larger than 3. It should be note that these values may be quit different with different evaluation scenarios (e.g. 3D-antenna cases, ITU scenarios) and it needs further study.
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6. Appendix
The simulation assumptions are given in Table 1.
Table 1. Simulation assumptions
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Penetration loss

Shadowing standard deviation

Correlation between sectors

Correlation between sites

BS antenna gain

UE antenna gain

BS total Tx power

UE noise figure

Bandwidth

Parameters Assumptions

Hexagonal grid, 19 cell sites, 3 sector per site

As described in TR 25.814

46 dBm

Case #1 à 500m, case #3 à 1732m

35 m

20 dB

8 dB

1

0.5

14 dBi

0 dBi

9 dB

10 MHz

Distance dependent path loss 128.1+37.6log

10

(R)

Pilot and control channel overhead 29%
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