
3GPP TSG RAN WG1 #58
R1-093379
Shenzhen, China, Aug 23 – Aug 28, 2009
Agenda item:
15.2
Source: 
Samsung
Title: 
Impact of propagation attenuations and delays of CoMP composite channels 
Document for:
Discussion
1 Introduction
Coordinated multiple point (CoMP) transmission is an important study item for LTE-A development. In CoMP, multiple points directly/indirectly transmit to one or multiple UEs. CoMP is a potential technique to improve the cell edge users’ throughput and/or the system overall throughput.
The CoMP is classified into the following categories[1]:
1. Joint processing

a) Joint transmission (JT), where more than one transmission points simultaneously transmit to the CoMP UE;

b) Dynamic cell selection, where only one transmission point transmits to the CoMP UE at a given time;

2. Coordinated scheduling/beamforming: where only the serving eNB transmits to the CoMP UE, while the other CoMP cells coordinate their transmission schemes to mitigate the interference to the said CoMP UE.

This contribution discusses the effect of composite channel for case 1.a), i.e., joint transmission from multiple points.

To determine the transmission points for CoMP, it is naturally a first criterion that the reference signal received power (RSRP) from a non-serving eNB should be greater than a predefined threshold. When multiple points perform joint transmission, the target CoMP UE will receive multiple PDSCH signalling from more than one transmission point. The communication channel can be modelled as a composite channel with aggregated delay profiles. Since the CoMP UE is synchronized to its serving eNB only, it is of another interest to investigate the characteristic of the said delay profiles of the composite channel to see how much likely the maximum delay may exceed the cyclic prefix (CP) of the UE and thus further impact the performance.
The present contribution is based on simulations on the said received signal strengths and delays from multiple eNBs to address the above points.

2 Simulation Description
In this contribution, the cellular layout described in [2] is employed as in Fig. 1 for CoMP transmission. For simplicity, we only investigate the UEs dropped within cell-1. The results for cell-1 can be easily generalized to other cells by equivalent mapping.
CoMP eNB selection criterion 1

When a UE is dropped within cell-1, the criteria if a neighbouring cell can be a CoMP cell for joint transmission or not is based on the difference between the RSRPs of serving cell and the target cell. This RSRP difference is defined as:
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the eNB eNB-i will be considered for CoMP joint transmission.
In this contribution, the calculation of 
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 includes three long-term aspects: path loss (PL), shadowing fading (SF), and antenna gain (AG), i.e., 
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The detailed calculations of 
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 can be referred to [2].
CoMP eNB selection criterion 2
Due to the multi-path effects of fading channel, the wireless channel can be modelled with its multi-path delay profile. The multi-path delay profile is usually expressed as a series of delay time 
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 is the number of multi-paths. The UE is synchronized to its serving eNB, and the equivalent delay time from eNB-I is modelled as 
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[image: image14.wmf]T

D

 is the signal propagation time difference between serving eNB and eNB-
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Note that the LOS 
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 above does not accurately represent the arrival timing difference; however, we use it as an approximation in the present contribution.
Since the UE only synchronizes to the serving eNB, the signals from other eNB arriving at the UE with additional delay may exceed the CP of the PDSCH of the CoMP UE. Thus, it is a second criterion when choosing eNB for CoMP joint transmission that
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When criterion (2) is applied, it will strictly require all the equivalent multi-paths from other cells are within the UE’s CP as well. However, if criterion (2) should be applied in practical or not is still pending for more investigations on how much degradation the excessive channel dispersion may incur.
3 Observation of Simulations
Simulation results are attached in Appendix as Fig. 2~10. In all the simulation presented, cell 1 is assumed to be the serving cell, and the CoMP probability is evaluated for cell 1 only. The results can be generalized to any other cells.

Fig.2 illustrates the local probabilities that eNB 2 is preferable for CoMP joint transmission along with eNB 1 for Urban-Macro channel model. In the upper-left sub-figure, where the CoMP is deemed as possible with only criterion (1) and 
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, it is observed that at the cell edge of eNB 1 and 2, the possibility is around 50~90%. However, the overall geographical area of cell 1 where CoMP joint transmission possibility with eNB 2 is greater than 50% is less than 20% of the cell coverage. With 
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, the CoMP possibility decreases as expected as shown in the upper-right sub-figure. In the second row of Fig.1, as criterion (2) for delay applies as well, the CoMP probability is further reduced.
Similarly, Fig.3~6 illustrate the CoMP probability with different eNB combinations. It can be observed that the CoMP probability with more than two cells is quite limited, and the CoMP probability with 2nd-tier neighbouring cell is limited as well.
Fig.7 illustrates the maximum delay distribution for different composite channels. It shows that for two-cell CoMP, the probability that the maximum delay exceeding the CP length is around 60%~70%. As the size of CoMP set increase, the probability of the maximum delay exceeding the CP is increased significantly.

However, the actual performance degradation due to the extended delay profile of the composite channel is still for further study.

4 Conclusions
From the above observations of simulation, the following conclusion can be drawn for CoMP joint transmission with cellular layout:
1. It is of relatively high possibility that an UE could do CoMP with one of its first-tier neighbour eNBs;

2. It is of very low possibility that an UE could do CoMP JT with more than two of its first-tier neighbour eNBs;

3. It is of very low possibility that an UE could do CoMP JT with one of its second-tier neighbour eNBs;

4. The maximum delay of the composite channel is of higher possibility to exceed the CP, the performance degradation thus incurred should be investigated in future study.
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Appendix: Simulation Results
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Fig.1 Cellular Layout for Simulation (red number: eNB index; blue number: sector index)
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Fig.2 CoMP Joint Transmission Probability Distribution with eNB 1&2

[image: image23.emf]0.1

0.2

0.3

0.4

0.5

0.6

x,(m)

y,(m)

CoMP Probability(UMa), Criterion (1), CoMP Set[1  3], RSRP

TH

=6dB

-50 0 50 100 150 200 250 300

-100

-50

0

50

100

150

200

250

0.1

0.2

0.3

0.4

x,(m)

y,(m)

CoMP Probability(UMa), Criterion (1)+(2), CoMP Set[1  3], RSRP

TH

=6dB

-50 0 50 100 150 200 250 300

-100

-50

0

50

100

150

200

250

0.1

0.2

0.3

0.4

0.5

x,(m)

y,(m)

CoMP Probability(UMa), Criterion (1), CoMP Set[1  3], RSRP

TH

=3dB

-50 0 50 100 150 200 250 300

-100

-50

0

50

100

150

200

250

0.1

0.2

0.3

x,(m)

y,(m)

CoMP Probability(UMa), Criterion (1)+(2), CoMP Set[1  3], RSRP

TH

=3dB

-50 0 50 100 150 200 250 300

-100

-50

0

50

100

150

200

250

 

eNB1

eNB3


Fig.3 CoMP Joint Transmission Probability Distribution with eNB 1&3
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Fig.4 CoMP Joint Transmission Probability Distribution with eNB 1&2&3
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Fig.5 CoMP Joint Transmission Probability Distribution with eNB 1&2&3&7
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Fig.6 CoMP Joint Transmission Probability Distribution with eNB 1&8
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Fig.7 Maximum Delay Distribution of Composite Channels
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