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1
Introduction

Coordinated Multi-Point transmission/reception (CoMP) is one of the candidate techniques for LTE-Advanced systems to increase the cell average and cell edge user throughput in the both uplink and downlink. Although CoMP naturally increases system complexity, it has potentially significant capacity and coverage benefits, making it worth a more detailed consideration. To be specific, the coordinated multipoint reception can be mainly characterized into two classes:
· Coordinated scheduling and/or beam-forming (CoMP-CS)

· Joint processing/reception (CoMP-JP)

In the class of joint processing/reception, “data from a single UE is detected by multiple reception points, e.g. to (coherently or non-coherently) improve the detected signal quality and/or cancel actively interference from other UEs”. In this class, data from a particular UE is received by different reception points and is jointly detected at these reception points. On the other hand, these reception points can serve a single UE as in the CoMP-SU-MIMO mode, or serve multiple UEs simultaneously in the CoMP-MU-MIMO mode. 


[image: image1.emf]CoMP-SU-MIMO
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                    Fig. 1  CoMP-SU-MIMO and CoMP-MU-MIMO

This contribution presents uplink CoMP-MU-MIMO scheme to LTE-Advanced and corresponding system level performance evaluation which show that the uplink CoMP-MU-MIMO joint processing can bring significant gains to both the average sector throughput and the 5% of user throughput.

2
System Model

In the CoMP-MU-MIMO system, as shown in Fig.1, the joint preprocessing can be performed in a centralized manner within several reception points. These cooperative points serve a UE-group which consists of several UEs using the same frequency at the same time. In each CoMP-MU-MIMO group, joint signal processing should be implemented to mitigate inter-cell interference and subsequently improve system spectrum efficiency, especially the cell-edge user throughput.

Assuming that there are 
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 transmit antennas at each UE and 
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 receive antennas at each reception point. A CoMP group consists of M cooperative points to serve M UEs which are paired and jointly scheduled in the same frequency. In the uplink, the M cooperative points and the M paired UEs can form a  
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 virtual MIMO system, depicted in the Fig. 2. The system model and joint detection algorithm are presented in the Annex A.1.
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Fig.2  Uplink virtual MIMO system structure  

3
Simulation Results

In this section, the performance of the proposed uplink CoMP-MU-MIMO scheme is evaluated by system level simulation. The TDD frame structure with 10 milliseconds radio frame length and 1 millisecond subframe length is applied. There are 1 transmit antenna at each UE and 2 receive antennas at each reception point. CoMP-MU-MIMO transmission within a fixed cluster of size 3, that is, 3 cooperative reception points and 3 UE group can form a 3x6 virtual MIMO system. The detailed simulation parameters are listed in A.2. The conventional cellular system is characterized by single cell signal reception and suffers from severe ICI, especially in interference limited scenarios. To evaluate the performance gain of CoMP, we consider the following five system configurations based on 7-site wrap around layout. 
· Configuration 1: Conventional non-cooperative system

The baseline configuration is the single cell signal processing with MRC receiver. Note the ICI is neither utilized nor avoided in this configuration. (compared with configuration 3, CoMP system with 3 sectors in different sites cooperation is more feasible )

[image: image7.wmf]
Fig.2  Conventional non-cooperative system
· Configuration 2: Non-cooperative system with different sector antenna direction

Compared with the configuration 1, this configuration has different sector antenna direction. It also uses the MRC receiver to do the signal processing.

[image: image8.emf]
Fig.3  Non-cooperative system with different sector antenna direction

· Configuration 3: CoMP system with 3 sectors in different sites cooperation
Take sector A1 for example, the strongest inter-cell interference come from B2 and C3 other than A2 and A3 due to the sector antenna pattern. Therefore, with the advanced knowledge of CSI and scheduling information, the three sectors in different sites (A1, B2 and C3) are jointly signal processed to compose a CoMP reception as depicted in Fig.4. The same color area is the cooperative area. The UEs within each CoMP reception are jointly processed with a linear MMSE receiver.
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Fig.4  CoMP system with 3 sectors in different sites cooperation

· Configuration 4: CoMP system with 3 sectors in the same site cooperation

The three sectors in the same site are to cooperate to compose a CoMP reception. In this configuration, it is conveniently implemented without fibres to connect eNBs in different sites.

[image: image10.emf]
Fig.5  CoMP system with 3 sectors in the same site cooperation

· Configuration 5: CoMP system with 21 sectors cooperation
In a relatively ideal case, all the 21 RRUs are to cooperate to compose a CoMP reception as depicted in Fig. 6.


[image: image11.emf]
Fig.6  CoMP system with 21 sectors cooperation

· The Spectrum Efficiency in RR decentralized scheduling
The uplink throughput and spectrum efficiency results are listed in table II.

	Configuration
	Average cell

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]
	Cell-edge user

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]

	Configuration 1
	2.63 / 0.66
	0.083 / 0.0208

	Configuration 2
	2.55 / 0.64
	0.067 / 0.0168

	CoMP system with 3 sectors in different sites cooperation
	3.36 / 0.84
	0.119 / 0.0297

	CoMP system with 3 sectors in the same site cooperation
	2.80 / 0.70
	0.092 / 0.0230

	CoMP system with 21 sectors cooperation
	6.47 / 1.62
	0.349 / 0.0872


Compared with configuration 1, the CoMP system with 3 sectors in different sites cooperation, CoMP system with 3 sectors in the same site cooperation and CoMP system with 21 sectors cooperation enhance the uplink average cell throughput by 28%, 6.5% and 146% respectively. The cell-edge user throughput is increased by 43%, 11% and 420% respectively. 
· The Spectrum Efficiency in PF decentralized scheduling
The uplink throughput and spectrum efficiency results are listed in table II.
	Configuration
	Average cell

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]
	Cell-edge user

throughput and

spectral efficiency

[Mb/s] / [bps/Hz/cell]

	Configuration 1
	2.97 / 0.74
	0.101 / 0.026

	Configuration 2
	2.81 / 0.70
	0.074 / 0.019

	CoMP system with 3 RRUs in different sites cooperation
	4.11 / 1.03
	0.138 / 0.035


Compared with configuration 1 and configuration 2, the CoMP system with 3 sectors in different sites cooperation enhances the uplink average cell throughput by 39% and 47% respectively. The cell-edge user throughput is increased by 35% and 86% respectively. 
4
Conclusions

In this contribution, we have summarized uplink CoMP-MU-MIMO scheme and system level performance evaluation for LTE-Advanced. From the simulation results, we can see that 
· CoMP-MU-MIMO is one of the candidate techniques for LTE-Advanced systems to increase both the average sector throughput and the cell edge user throughput. The CoMP-MU-MMO area is not limited in the cell edge.

· The different cell cluster scheme should be evaluated to determine the preferred network topology for UL CoMP.
5
Text proposal

We propose to capture the following text in Section 8 of TR 36.814 [2]:
--- Start Text Proposal ---
8
Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO

Coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.

8.1
Downlink coordinated multi-point transmission

Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Examples of coordinated transmission schemes include

· Coordinated scheduling and/or beamforming

· data to a single UE is instantaneously transmitted from one of the transmission points

· scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/transmission

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.

Potential impact on the radio-interface specifications is foreseen in mainly three areas:

· Feedback and measurement mechanisms from the UE

· Reporting of dynamic channel conditions between the multiple transmission points and the UE

· For TDD, channel reciprocity may be exploited

· Reporting to facilitate the decision on the set of participating transmission points

· For TDD, channel reciprocity may be exploited

· Preprocessing schemes

· Joint processing prior to transmission of the signal over the multiple transmission points

· Downlink control signaling to support the transmission scheme

· Reference signal design

· Depending on the transmission scheme, specification of additional reference signals may be required.

8.2 Uplink coordinated multi-point reception


Uplink coordinated multi-point reception implies dynamic coordination among multiple geographically separated reception points. Examples of coordinated reception schemes include

· Coordinated scheduling and/or beamforming

· data from a single UE is instantaneously detected by one of the reception points

· scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/detection
· data from a single UE is detected by multiple reception points, e.g. to (coherently or non-coherently) improve the detected signal quality and/or cancel actively interference from other UEs

Uplink coordinated multi-point reception should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.

Uplink coordinated multi-point reception is expected to have very limited impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact.
--- End Text Proposal ---
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7     Annex
A.1  CoMP-MU-MIMO Uplink System Model

In the CoMP-MU-MIMO system, as shown in Fig.1, the joint preprocessing can be performed in a centralized manner within several reception points. These cooperative points serve a UE-group which consists of several UEs using the same frequency at the same time. In each CoMP-MU-MIMO group, joint signal processing should be implemented to mitigate inter-cell interference and subsequently improve system spectrum efficiency, especially the cell-edge user throughput.

Assuming that there are 
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 receive antennas at each reception point. A CoMP group consists of M cooperative points to serve M UEs which are paired and jointly scheduled in the same frequency. In the uplink, the M cooperative points and the M paired UEs can form a  
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 virtual MIMO system, depicted in the Fig. 2. 
The channel matrix from the u-th user in the UE-group to the CoMP on the n-th subcarrier is denoted by 
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 diagonal matrix expressed as
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 is the average received signal power at the i-th receive antenna of the CoMP from the u-th UE.      

Therefore, the composite channel matrix of the cooperative 
[image: image23.wmf])

(

)

(

t

r

Mn

Mn

´

 virtual MIMO system on the n-th subcarrier is given by
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The u-th UE’s transmitted vector on the n-th subcarrier is given by
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The composite transmitted vector of M UEs is denoted as
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The received vector on the n-th subcarrier at the CoMP 
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 is given by
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where 
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Based on (5), the coefficients of the frequency-domain equalizer with minimum mean square error (MMSE) criterion are given by
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Then, the estimated transmitted vector of the M UEs is given by
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Extension to the MMSE+SIC scheme is straightforward. However, it remains open and is outside the scope of this paper.
A.2  Simulation Parameters
Simulation Parameters
	parameters
	Value

	Layout
	3-sectorized hexagonal grid with 7 sites and wrap-around

	Simulation time
	10 drops and 3seconds for each drop

	UL air interface
	DFT-S-OFDMA

	Inter-site distance
	500 m

	Lognormal shadowing
	Gaussian distribution with 0 mean, 8dB standard deviation

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	FFT size
	1024

	Number of subcarriers available
	600

	Noise PSD
	-174dBm/Hz

	BS Rx noise figure
	5dB

	DL/UL subframe ratio in 5ms
	2DL / 2UL

	Special sub frame
	[10:2:2] symbols for DwPTS, GP and UpPTS

	Ave. Num of users per ‘cell’
	10

	Num of BS/UE antenna
	2 / 1

	BS antenna spacing
	Ten wavelength spacing

	BS / UE antenna gain
	14dBi / 0dBi

	User distribution
	Uniform in entire network

	UE transmission power
	Max 24 dBm

	UL power control
	Open loop power control according to 3GPP TS 36.213 without close loop correction

	Antenna pattern
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	Traffic model
	Full Buffer

	UE speed
	3Km/h

	Penetration loss
	20dB

	Path loss
	128.1+37.6lg(d), d in km

	HARQ
	Synchronous non-adaptive HARQ with chase combining, Max 4 transmissions

	Num of HARQ preocesses
	4

	Scheduling method
	RR and PF with each sector independent scheduling

	Frequency reuse
	1

	Channel model
	SCM-E

	Channel Estimation
	Ideal Channel Estimation

	Channel Coding
	Turbo

	Detect Algorithm
	MRC for Non-CoMP system and MMSE (without SIC) for CoMP-MU-MIMO system
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