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1 Introduction
Coordinated multiple point (CoMP) transmission/reception is proposed for LTE-A to improve coverage and to increase cell-edge and aggregate system throughputs. CoMP transmission/reception is also considered as an effective approach for inter-cell interference coordination (ICIC) in LTE-A due to inherent joint scheduling/processing at the coordinated cells. However, coordination among all eNBs in the system requires high backhaul capacity and is too complex to implement. To reduce the complexity, cooperation among a limited number (cluster) of eNBs for communicating with a particular UE may be considered. A comparison of different cell clustering methods for CoMP transmission/reception is presented in [1]. 
In this work, we consider fixed clustering method, where the network is divided into fixed non-intersecting coordinated clusters and only the eNBs in the same cluster cooperate for transmission to the UEs in the cluster. From a theoretical point of view, if optimal transmission scheme is employed at the coordinated eNBs, which in general requires simultaneous transmission from eNBs to all UEs (i.e., CoMP-MU-MIMO operation mode [2]), then there is throughput gain in serving both cell-centre and cell-edge UEs under CoMP transmission. However, if the coordinated eNBs only serve one UE at any given time (i.e., CoMP-SU-MIMO operation mode), then there can be throughput loss in serving cell-centre UEs under CoMP as discussed in [3]. Therefore, the frequency bandwidth in each cell of a cluster is divided into two zones. In the non-CoMP zone, UEs are served only by the eNB in their cell. In the CoMP zone, UEs are served by all or some of the eNBs in the cluster.   
In [3], pre-CoMP SINR is used as a measure to decide which UEs are served under CoMP transmission. A more targeted approach is to compare pre-CoMP rate (
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) and post-CoMP rate (
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) [1], which is not much more complex than SINR calculation. 
In this contribution, we consider the problem of power allocation for eNBs in the CoMP frequency zone in closed-loop joint processing downlink CoMP transmission. The purpose of optimal power allocation among eNBs in a cluster is to minimize the total power of the eNBs in the cluster for a given rate delivered to a UE in the CoMP zone, or equivalently, to minimize inter-cluster interference. We propose optimal power allocation among eNBs along with possible methods of implementation in LTE-A. This work can be considered as generalization of fractional frequency reuse (FFR) scheme to the CoMP transmission case. 
This paper is a resubmitted version of R1-090746.
2 Optimal Power Allocation in Downlink CoMP
Consider the fixed cluster highlighted in Fig. 1, where three eNBs in cells 1, 6, and 20 cooperate in the joint processing mode to transmit to a UE in the cluster scheduled in the CoMP frequency zone. With a total power constraint on eNBs (in the subband where UE is scheduled), the optimal power allocation among eNBs to achieve the highest transmission rate is obtained by the waterfilling algorithm after singular value decomposition (SVD) of the composite channel matrix from eNBs to the UE. In other words, for a given rate delivered to the UE, less total power is required if the proper power allocation algorithm is chosen.
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Fig. 1. CoMP transmission within a fixed cluster of size three.
For convenience, consider single-antenna eNBs and UEs. Let 
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 be the channel gain from eNB 
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 to the UE and 
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 be the total power of eNBs in the subband where the UE is scheduled in. The transmitted signal form eNBs corresponding to optimal power allocation is given by
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where 
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. As it can be seen from (1), the power allocated to eNB 
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. The corresponding SINR and rate received by the UE are given by
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where 
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 is the sum of the noise power and the interference from the other clusters. The factor 
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 is included in the rate calculation to take into account that three eNBs are used for transmission.
The transmitted signal corresponding to equal power allocation is given by
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The corresponding SINR and rate received by the UE are given by
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In order to compare the performances with optimal power allocation and equal power allocation, we consider the cellular system shown in Fig. 1 with 57 cells. UEs are dropped uniformly in the highlighted cluster. Only low geometry UEs (those to be served in CoMP zone) are considered in the simulations. It turns out that 21% of UEs are served in the CoMP zone (with the criterion described in [1]). The details of simulation parameters are listed in Table 1. Figs. 2, 3 illustrate the SINR and rate geometries for optimal and equal power allocations.
Table 1. Simulation parameters

	Parameters
	Assumptions

	BS total Tx power
	46 dBm

	ISD
	500 m

	Carrier frequency
	2 GHz

	Minimum distance between UE and eNB
	30 m

	Shadowing standard deviation
	8 dB

	Shadowing correlation between sites
	0.5

	Shadowing correlation between sectors
	1

	Bs antenna gain
	15 dBi

	UE antenna gain
	0 dBi

	Channel model
	Rayleigh fading
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Fig. 2. SINR geometry; optimal vs. equal power allocation (21% low geometry UEs are considered).
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Fig. 3. Rate geometry; optimal vs. equal power allocation (21% low geometry UEs are considered).
3 Reference Signal Considerations
3.1 UE-Specific Reference Signal
Optimal power allocation can result in different eNB power levels in different subbands. In order to make channel estimation possible for the UEs served in the CoMP zone, one option is to employ UE-specific reference signals. 
3.2 Cell-Specific Reference Signal

UE-specific reference signals can be avoided by introducing different subbands within the CoMP zone with pre-determined eNB power levels. The power level information in each subband is sent to the UE scheduled in the same subband by the serving eNBs. There will be some performance degradation by forcing the eNB power levels to be limited to the pre-determined power levels in the subbands within the CoMP zone. Fig. 3 illustrates four subbands within the CoMP zone with different eNB power levels.

[image: image21]
Fig. 3. Subbands within the CoMP zone with different eNB power levels.

The SINR/rate performance with four subbands is illustrated in Figs. 4 and 5. The power levels in the subbands are selected as 
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, where the elements in the vectors are power levels of different eNBs. It should be noted that the sum power in each subband is the same (
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). UEs are scheduled in one of four subbands according to their channel realization. 
[image: image27.emf]-5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR (dB)

CDF

 

 

without CoMP

CoMP, optimal power assignment

CoMP, equal power assignment

CoMP, 4 frequency zones 


Fig. 4. SINR geometry; Power allocations in CoMP zone subbands.
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Fig. 5. Rate geometry; Power allocation in CoMP zone subbands.
4 Summary
We considered the problem of power allocation among eNBs in closed-loop downlink CoMP transmission. We considered fixed cell clustering approach for CoMP transmission. With Optimal power allocation, less total eNB power in a cluster is needed compared to the case where all eNBs in the cluster use equal power. This minimizes inter-cluster interference. We studied implementation of our power allocation scheme with UE-specific as well as cell-specific reference signals. The case with cell-specific reference signals is implemented through defining subbands within the CoMP zone with different eNB power levels.
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