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1. Introduction
Coordinated multi-point (CoMP) transmission in downlink (DL) is a very promising technique for LTE-Advanced to effectively reduce inter-cell interference (ICI) and improve the coverage of high data rates, the cell-edge throughput and/or increase system throughput [1]. According to data streams available in CoMP cooperating set, CoMP scheme can be categorized into two kinds, that is, joint processing (JP) and coordinated scheduling/beamforming (CS/CB). 
Joint transmission (JT) is one of joint processing (JP) scheme, where data transmission intended for one or more UEs is shared within CoMP cooperating set and is jointly processed among multiple cells. The received signals at the intended UE will be coherently or non-coherently combined with each other to improve signal power and reduce inter-cell interference (ICI). Non-coherent joint transmission (JT) scheme has been widely used for single-user MIMO (SU-MIMO) to simplify system overhead and backhaul capacity[2~7].
In this contribution we proposed a non-coherent multi-user MIMO joint transmission (MU-MIMO JT) scheme, which employs multi-cell joint transmission for cell-edge users through less network backhaul exchange, while the other degrees of transmission freedom can still be used through single-cell MU-MIMO scheduling. This scheme can take full advantage of multiple user MIMO scheduling and diversity gains, and further enhance cell-edge user performance by joint transmission, while only requiring very low backhaul exchange among multiple coordinated cells. Therefore the proposed scheme is expected to be a promising multi-cell multi-user joint processing method with low realization complexity and high system performance.
2. Algorithm descriptions for non-coherent MU-MIMO JT scheme
2.1. User type differentiation and cluster construction

Since cell-edge UE (CEU) suffers from severe inter-cell interference, multi-cell joint transmission may greatly increase their throughput. User type can be differentiated according to long-term signal-to-interference-plus-noise ratio (SINR) of UE. Only those users with lower long-term SINR than a predetermined threshold will be examined for potential multi-cell joint transmission.

The network is usually deployed as 7 sites each having 3 cells with diamond shape, as shown in figure 1. The very nearest cells will probably become a dominant interference source for cell-edge users. We can define a fixed cluster construction formed by three neighboring cells from different sites, and then multi-cell joint transmission will be executed in each cluster separately. For example in figure 1, 3 different colors represent 3 different coordination clusters respectively.
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Figure 1.  Cluster construction for MU-MIMO JT scheme
2.2. Non-coherent MU-MIMO JT scheme
Basic idea of non-coherent multi-user MIMO joint transmission (MU-MIMO JT) scheme is that cell-edge UE (CEU) is jointly served by multiple eNBs through inter-cell coordinated scheduling and backhaul exchange, and the other degrees of freedom in serving cell or coordinated cell can still be used for other UEs within its scope by independent multi-user eigenmode transmission (MET) scheduling [8]. This scheme is used for TDD system. 
For example in figure 2, UE1 is a CEU in the serving cell (eNB1), and is jointly served by 3 eNBs. Based on the CEU (UE1), each eNB performs independent single-cell MU-MIMO scheduling with MET algorithm, and more UEs can be served simultaneously in each eNB.
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Figure 2.  Non-coherent MU-MIMO JT scheme

In order to realize non-coherent MU-MIMO JT scheme, each eNB performs single-cell MU-MIMO scheduling according to DL channel state information (CSI) measurement of cell-edge UEs (CEU) by detecting sounding signals from CEUs and exploiting channel reciprocity of TDD system. Then the eNB needs to exchange its capacity messages of MU-MIMO scheduling through backhaul with other two cells in a cluster. At the same time each CEU detects DL channels from different coordinated eNBs, and calculates channel quality indications (CQI) of different coordination modes, and reports to its serving cell. As a result eNBs can determine one or more proper CEUs and corresponding optimal coordination mode according to CQI feedback of CEU and MU-MIMO capacity exchange of coordinated eNBs to maximize non-coherent MU-MIMO JT gains.
During the above multi-cell scheduling, only small amount of cell capacity information of MU-MIMO scheduling is exchanged among coordinated eNBs through backhaul without need of costly channel state information exchange, so the proposed scheme has greatly simplified backhaul transmission, and also has been proved to still have the explicit system performance gains through system level simulations in the following section.
3. System performance evaluations for non-coherent MU-MIMO JT scheme
3.1. Simulation setup and system assumptions
System performance evaluations are focused on TDD system. DL precoding is based on UL sounding reference signals due to channel reciprocity of TDD. Cell-edge UE (CEU) is determined according to 2dB threshold. Joint transmission (JT) mode can be flexibly selected from 2-cell coordination and 3-cell coordination. 4x2 Tx/Rx antenna deployment is assumed. Baseline SU-MIMO with single-cell processing is 2-stream transmission. Non-coherent MU-MIMO JT scheme is assumed to schedule max. 4 UEs in a cell, and each UE has only one stream. Detailed simulation parameters are listed in appendix I (see table 2).
3.2. System level simulation results

After system level simulations, distribution curve of long-term SINR is listed in figure 3. Distributions of normalized user throughput are listed in figure 4 for single-cell SU-MIMO scheme and non-coherent multi-user MIMO joint transmission (MU-MIMO JT) scheme. Both schemes have satisfactory user fairness compared with fairness cure (colored by black). According to the distributions of average user throughput as shown in figure 5, non-coherent MU-MIMO JT scheme has shown very superior system performance gains over SU-MIMO scheme. And also as shown in table 1, we can see that non-coherent MU-MIMO JT scheme has achieved 27% average cell throughput gains and 60% cell-edge user throughput gains compared with single-cell SU-MIMO scheme.
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Figure 3.  Distribution of long-term SINR
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Figure 4.  Distribution of normalized user throughput

Figure 5. Distributions of average user throughput
Table 1
System level simulation results

	Transmit scheme
	Average cell throughput

(kbps)
	5% user throughput

(kbps)

	Single-cell SU-MIMO
	7475 (1.00)
	189.3 (1.00)

	Non-coherent MU-MIMO JT
	9526 (1.27)
	303.1 (1.60)


3.3. Observations

According to the above algorithm analysis and system performance statistic, non-coherent MU-MIMO JT is a very promising multi-site multi-user transmission scheme with simplified backhaul capacity and overhead and still with explicit system performance gains.
4. Summary

In this contribution, non-coherent multi-user MIMO joint transmission (MU-MIMO JT) scheme has been proposed, which applies multi-cell coordinated transmission for cell-edge UEs through less network backhaul exchange and single-cell MU-MIMO scheduling simultaneously. This scheme has been proved to still have explicit average cell throughput gains and cell-edge user throughput gains by system level simulations. Therefore this scheme is recommended as a promising solution to multi-cell multi-user joint transmission scheme.
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Appendix I

Table 2: Simulation parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 sites, 3 cells per site

	Inter-site distance
	500m

	Channel model
	Spatial Channel Model (SCM)

	Users dropping
	10 users dropped uniformly per cell

	Minimum distance between UE and cell
	>= 35 meters

	Number of antennas (Tx, Rx)
	(4, 2)

	Antenna separation in wavelength (Tx,Rx)
	(4, 0.5)

	Transmit antenna pattern
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	Distance-dependent path loss
	37.6+15.352log(d)

	Shadowing standard deviation
	8dB

	Shadow correlation
	Inter site
	1

	
	Intra site
	0.5

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Scheduler
	PF

	Control overhead 
	3 control symbols

	Receiver processing
	MMSE detector

	eNB Tx power
	46dBm

	Service type
	Full buffer

	Channel estimation error
	3dB

	DL:UL for TDD
	1:1

	CQI report
	Every 5ms, 2 RBs
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