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1
Introduction
Coordinated Multi-Point transmission/reception (CoMP) is well accepted as a promising technique to improve cell coverage and increase cell-edge user throughput (for both DL and UL). 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 transmission is mainly characterized into two classes: 
· Joint processing/transmission (CoMP-JP)

· The CoMP-JP scheme is incurring large system overhead: UE data distribution and joint processing across multiple transmission points (TPs); and channel state information (CSI) required for all the TP-UE pairs.

· This issue exists for either SU-CoMP-JP schemes that only serve one UE at a time or MU-CoMP-JP schemes  that jointly serve multiple UEs at the same time.

· Coordinated scheduling and/or beam-forming (CoMP-CS/CBF)

· With a “minimum” cooperation overhead, to improve the cell edge-user throughput via interference management through distributed beamforming at multiple TPs: No need for UE data sharing across multiple TPs; Each TP only needs CSI between itself and the involved UEs (no need for CSI between other TPs and UEs).

In this contribution, we focus on the downlink MU-CoMP-JP transmission scheme and present some system level performance evaluation which shows that the MU-CoMP-JP with intra-site cooperation can bring significant gains to both the average sector throughput and the cell edge user throughput. Moreover, intra-site cooperation has other benefits, such as lower backhaul latency, flexible implementation, no backhaul overhead between sites etc.



[image: image66.jpg]0.05
0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

Precoding
(4Tx 2Rx)

Inter-site
(4Tx 2Rx)

Intra-site
(4Tx 2Rx)

mSE

0.034

0.046

0.047




     
Fig. 1 Inter-site cooperation and Intra-site cooperation
2
 Performance evaluation of MU-CoMP-JP
In this section, the performance of the MU-CoMP-JP with intra-site cooperation and MU-CoMP-JP with inter-site cooperation are evaluated by system level simulation. The TDD frame structure with 10 milliseconds radio frame length and 1 millisecond subframe length is applied. We assume that all the subcarriers are transmitted with equivalent power. The detailed simulation parameters are listed in Appendix 5.2. 
The downlink throughput and spectrum efficiency results with different schemes are shown in Fig.4 and Fig. 5.
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Fig. 2 Simulation results in UMi scenario
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Fig. 3 Simulation results in UMa scenario
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Fig. 4 Simulation results in 3GPP case 1 scenario

3
Conclusions
In this work, we investigate MU-CoMP-JP with intra-site cooperation and MU-CoMP-JP with inter-site cooperation for LTE-A system.

· With large system overhead, the MU-CoMP-JP scheme can improve the average cell spectral efficiency and cell-edge user spectral efficiency significantly.

· From above simulation results, compared with inter-site cooperation, the intra-site cooperation can obtain significant cell average throughput gain and cell-edge user throughput gain. Moreover, intra-site cooperation has other benefits, such as lower backhaul latency, flexible implementation, no backhaul overhead between sites etc.

· Based on performance evaluation and implementation complexity, MU-CoMP-JP with intra-site cooperation is recommended in the downlink transmission. 
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Appendix

5.1
MU-CoMP-JP Scheme

In the MU-CoMP-JP scheme, as shown in Fig.1, the joint preprocessing can be performed in a centralized manner within several transmission points (TP). These cooperative TPs serve a UE-group which consists of several UEs using the same frequency at the same time. In each MU-CoMP group, joint signal preprocessing should be implemented to mitigate inter-cell interference and subsequently improve system spectrum efficiency, especially the cell-edge user spectral efficiency.
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 virtual MIMO system, depicted in the Fig. 5. 
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Fig.5 Downlink MU-CoMP-JP scheme
The channel matrix from the multiple TPs to the u-th user on the n-th subcarrier is denoted by 
[image: image13.wmf]]

[

]

[

]

[

n

n

n

u

u

u

F

G

H

=

, where 
[image: image14.wmf]]

[

n

u

G

 is a 
[image: image15.wmf])

(

t

r

Mn

n

´

 dimension matrix representing the normalized complex channel gain and 
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where 
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 is the average received signal power at the u-th UE from the i-th transmit antenna.      

Therefore, the composite channel matrix of the cooperative 
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 virtual MIMO system on the n-th subcarrier is given by
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The data vector intended for the u-th UE on the n-th subcarrier is given by
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where lu denotes the number of layers for the u-th UE.

The joint precoding matrix for the u-th UE’s data vector is denoted as 
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, the transmit vector of the CoMP is given by
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where 
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The receive vector at the u-th UE can be written as
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where 
[image: image29.wmf]]

[

n

N

 is a 
[image: image30.wmf]1

´

r

n

 dimension noise and interference vector.

There are several different algorithms to obtain the joint precoding matrix 
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 for each UE, such as ZF, BD, DPC etc. Block diagonalization (BD) algorithm is a suboptimal solution under the constraint that all inter-user interference is mitigated within the cooperative TPs while each receiver is equipped with multiple antennas. The principle of BD algorithm is to find the precoding matrix to fulfill the constraint 
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, which means all multi-user interference will be eliminated.  
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The zero inter-user interference constraint forces 
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where the superscript H indicates the Hermitian transpose. 
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With the BD precoding matrix 
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After obtaining 
[image: image52.wmf]]

[

ˆ

)

0

(

n

i

V

, the constraint 
[image: image53.wmf]0

]

[

ˆ

]

[

)

0

(

=

n

n

i

j

V

H

 for user 
[image: image54.wmf]j

i

¹

 is fulfilled. One way to improve the capacity is using MIMO eigen beamforming. Denote the SVD of the effective channel matrix 
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where 
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 consists of the singular vectors corresponding to non-zero singular values and can be used to maximize the received SINR for user i subject to the zero inter-user interference constraint.
The precoding matrix on the n-th subcarrier then can be defined as
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5.1
Simulation assumptions

The channel models and assumptions are aligned with the guidelines provided by ITU [1] and proposed by [2]. The detailed parameters are provided in following table.
Table 1. List of assumptions for full buffer simulations

	[image: image1]
	R8 codebook based precoding
	MU-CoMP-JP

	Deployment scenario
	Aligned with guidelines
	Aligned with guidelines

	Duplex method and bandwidths
	Aligned with guidelines                  
	Aligned with guidelines                  

	Network synchronization
	Synchronized
	Synchronized

	Handover margin
	1.0 dB
	1.0 dB

	Downlink transmission scheme 
	with rank adaptation               
	With rank adaptation, 
Fixed 3 sector cooperation

	Downlink scheduler
	PF
	PF

	Downlink link adaptation
	Aligned with guidelines
	Aligned with guidelines

	CSI assumption at eNB
	　
	Short Term

	Downlink HARQ scheme
	CC
	CC

	Downlink receiver type
	MMSE
	MMSE

	Antenna configuration at BS
	a)  Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)
	c)  Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )

	Antenna configuration  UE
	Vertically polarized
	Vertically polarized

	Channel estimation
	Ideal
	Ideal

	Control channel and reference signal overhead, Acknowledgements etc. 
	DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0-3 with antenna configuration a) and c), 
CRS for antenna port 0-1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbols for UpPTS per 5ms.
	DL overhead: 
2 OFDM symbols for DL CCHs,
CRS for antenna ports 0-3 with antenna configuration a) and c), 
CRS for antenna port 0-1 and 12REs/PRB for DRS with antenna configuration e).
UL overhead: 
8 PRBs for PUCCH (ACK/NAK, CQI, PMI)/20MHz, 
2 OFDM symbols for DMRSs per subframe, 
2 OFDM symbols for UpPTS per 5ms.

	Feedback and control channel errors
	None
	None

	Spectrum efficiency calculation
	DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.
	DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),   GP is not active for both UL and DL; UpPTS is active for UL.
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