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1. Introduction
As an effective approach to increase both cell-edge and average cell throughputs, Coordinated Multipoint Transmission and Reception (CoMP) is being studied widely as a potential technology for LTE-Advanced [1].  In CoMP transmission/reception, inter-cell interference(ICI) is eliminated greatly due to inherent joint scheduling/processing at the coordinated cells, which improves the system performance.
The CoMP transmission/reception may be categorized into two types[2]: 
· Coordinated scheduling and/or beamforming(CBF):

Data to a single UE is instantaneously transmitted from one of the transmission points by scheduling decision.

· Joint processing/transmission(JP):

Data to a single UE is simultaneously transmitted from multiple transmission points, to improve the received signal quality and/or cancel actively interference for other UEs.
In this contribution, we introduce a multi-user coordinated precoding scheme, Tomlinson-Harashima Precoding (THP), into the joint transmission. As a suboptimal implementation of the dirty paper coding (DPC) approach [2], the THP treats the JP transmission as MU-MIMO transmission and moves the multi-user detection process from the receiver to the transmitter side. Interference among coordinated cells is canceled completely to support  transmitting on the same sets of RBs.
Additionally, we consider two different schemes of collaborative set selection and analyze the CDF of SINR with different ICI elimination schemes under Urban macro(UMa) scenario. A couple of other related issues is also discussed.
2. System Model
In another contribution, we have introduced the application of Tomlinson-Harashima Precoding in MU-MIMO situation[3]. The system model can be easily extended to CoMP situation, which only needs slightly changing from centralized transmitted antennas to distributed ones. So the effective channel matrix 
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in (2) from [3] will become an even larger one.
3. Tomlinson-Harashima Precoding in Joint Processing/Transmission 
3.1. Tomlinson-Harashima Precoding
The main ideal of THP is to suppress the residual interference from other data streams. With QL decomposition, the channel is decomposed into an orthogonal and a lower triangular matrix. The lower part of elements in the triangular matrix is canceled successively at the transmitter side, so as to lead interference-free signals among different users at the receiver.  More detailed description of THP is found in [3].
3.2. Collaborative Cell Selection
In this contribution, we consider three-sector collaboration. Two different schemes in selecting collaborative set are performed. As illustrated in Fig.1, sectors within the green bold line area are selected as collaborative sectors. In Fig.1(a), Joint processing/transmission is performed among sectors from two adjacent eNBs, so we name it “Inter eNB Collaboration”. On the other hand, in Fig.1(b), Joint processing/transmission is performed within one eNB, so we name it “Inner eNB Collaboration”. Obviously, more backhaul exchanging is needed for the former case.
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3.3. Collaborative User Selection
In this contribution, the collaborative users are selected according to the long-term SINR of users. This value could be obtained either by users’ feedback or eNB sounding process. The users with long-term SINR greater than a certain threshold are selected as collaborative candidates, several of which are scheduled at one time as active collaborative users.
4. Simulation
First, we analyze the CDF of SINR with ICI eliminated from the two collaborative set mentioned above. Only the cell-edge users are considered in UMa scenario. The result will help us to deal with the ICI more directly. The results are shown in Fig.3. As shown in Fig.2, it can be seen that eliminating the inner-eNB ICI gives slightly better SINR performance than eliminating the inter-eNB ICI. Our later simulation results on user throughput confirm this conclusion.
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We also simulate the cell spectral efficiency and cell-edge user throughput of THP based joint transmission. Table 1 shows the simulation parameters in the evaluation[4]. We still consider Urban macro(UMa) scenario in the simulations.

Table 1: Simulation Assumptions
	Parameters
	Setting

	
	LTE Rel.8
	THP Based JP

	Carrier frequency
	2 GHz
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site
	Hexagonal grid, 19 cell-sites, 3 sectors per cell-site

	Inter-site distance (ISD)
	500 m
	500 m

	Transmission bandwidth 
	10 MHz
	10 MHz

	Subband bandwidth
	5 RBs
	5 RBs

	Base station antenna configuration
	4 co-polarized antennas with 4( spacing
	4 co-polarized antennas with 4( spacing

	UE Rx antenna configuration

	2 co-polarized antennas with 1/2( spacing
	2 co-polarized antennas with 1/2( spacing

	Transmission power of Node B
	46 dBm
	46 dBm

	Moving speed (Max. Doppler frequency)
	3 km/h
	3 km/h

	Downlink transmission scheme 
	MIMO precoded spatial multiplexing (transmission mode 4 [36.213]): 4x2 MIMO
	Central users SU-MIMO

Edge Users THP based joint process

	Link adaptation
	Rank adaptation, and up to 2 for one UE
	Up to 6 users paired in one PRB, each with rank -2 transmission.

	Scheduling algorithm
	Frequency-domain scheduling based on PF
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer
	Full buffer

	MCS set
	3GPP LTE MCS values 
	3GPP LTE MCS values 

	Channel estimation
	Non-Ideal
	Non-Ideal

	HARQ scheme
	Chase combining,  maximum 4 transmission
	Chase combining,  maximum 4 transmission


Fig.3 shows the CDF of the user throughput employing LTE Rel.8 precoding and THP-based JP scheme with both “Inner eNB Collaboration” and “Inter eNB Collaboration”. In Table 2, we summarize the results of the cell spectral efficiency and the cell-edge user spectral efficiency. We can see from table 2 that, THP-based JP gives a large gain over the LTE Rel.8 solution, no matter what sector selection scheme is adopted. Both cell spectral efficiency and cell-edge users’ throughputs can be satisfied by THP-based JP. Comparatively, the “Inner eNB Collaboration” provides better performance, which coincides with our former discussion that the interferences from the other two sectors within the same cell are more likely to be the strongest and second strongest interference than those of different cells. 

Meanwhile, the results of JP scheme are cited from the Self-Evaluation Report 3GPP submitted to ITU as a reference in Table 2. Clearly, with the same overhead(L = 3), the THP-based JP shows a significant superiority.
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Table 2 Cell spectral efficiency and cell-edge user throughput in UMa Scenario
	
	Required Value
	LTE Rel.8
	THP Based JP(Inner eNB)
	THP Based JP(Inter eNB)
	3GPP Report JP(L=3)

	Cell spectral efficiency(bps/Hz/cell)
	2.2
	1.76
	3.28
	3.21
	3.1

	Cell edge user spectral efficiency(bps/Hz/cell)
	0.06
	0.033
	0.095
	0.086
	0.076


5. Conclusion

In this contribution, the THP-based joint process scheme is analyzed in LTE-A system. Two different approaches in selecting collaborative cells are proposed. From the analysis and simulation results, the following conclusions can be drawn:
· THP-based joint process scheme achieves huge gain when applied to LTE-A system. Compared with the LTE Rel.8 SU-MIMO scheme, the “Inner eNB Collaboration” scheme provides 86% gain on cell spectral efficiency and 180% gain on the cell-edge user throughput in UMa scenario. While for the “Inter eNB Collaboration” scheme, the two values are 82% and 160%, respectively.
· “Inner eNB Collaboration” scheme can provide better performance than the “Inter eNB Collaboration” because in UMa scenario, the interferences from other two sectors within the same cell dominate the ICI. So it is proposed that for any anti-ICI schemes, the inner-cell interference eliminating should have high priority. 
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Fig.1 Collaborative Cell Selection


(a) Inter eNB Collaboration (b) Inner eNB Collaboration
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Fig.2 CDF of SINR








[image: image5.png]CDF

08

07

06

05

04

03

02

01

Inner-eNE CahP
Inter-eNE CahP
——LTERel8

04 05
User Throughput(bps/Hz)

06

07

08 09




[image: image6.emf]eNB 3

eNB 2

 eNB 1

(a)

eNB 

(b)

[image: image7.png]COF(%)

k] Inner-eNB
Inter-eNE

08 — Without CoMP

07

06

05

04

03

02

01

SINR(dE)

10



_1324369330.unknown

_1330501059.vsd
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



eNB 3




eNB 2


(a)




 eNB 1




eNB 


(b)



