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1 Introduction

Uplink MU-MIMO allows two UEs with single transmit antenna operate on the same resource block to increase the UL capacity and user throughput. Therefore, the Node B required to schedule and assign two UEs onto a resource block according to a certain paring approach. [1] proposed two UE paring approaches named random paring (RP) and orthogonal pairing (OP), this contribution will present an adjustable determinant paring (ADP) approach for UL MU-MIMO.
2 Adjustable Determinant Pairing Approach for UL MU-MIMO

In this section, we discuss the UE paring approach for UL MU-MIMO in terms of adjustable determinant pairing. In practical UL MU-MIMO transmission, the transmit power of two paring uers may be not same due to the APC, and moreover, the distance to the Node B and the path loss of two paring users may be not same too. Thus, in order to obtain the maximal channel capacity thereby increasing the user throughput when pairing two users, we need consider the effect of fast fading and slow fading simultaneously.
For a 2×2 UL MU-MIMO system defined by the channel matrix 
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Where 
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are the channel matrixes between the two users and Node B. According to the channel capacity formular 
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when 
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 is large, it can approximately equivalent to 
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Therefore, the maximal channel capacity can be obtained by maximizing
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of two users. 

Considering the effect of fast fading and slow fading simultaneously, the characteristic of slow fading can be transformed into the channel matrix. By normalizing the transmit power of two users the channel matrix is transformed as
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Then                           
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Because 
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 is determined by receive SNR and H together, when selecting the pairing users that have maximal capacity, some users with high receive SNR will be selected frequently. Furthermore, if a user with low receive SNR is pairing with another user with high SNR, the low receive SNR user will be interfered seriously. We consider introducing an adjustable factor to balance the user throughput and fairness of the pairing approach.

Assuming that the receive SNRs of two paring users are same, then 
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When the receive SNRs of two paring users are not same, then
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can be introduced as adjustable factor, the UE pairing criterion is transformed to
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 is the pairing factor, 
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is the adjustable factor that may affect the UE pairing. When 
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approaches to 0, the user with high receive SNR will be selected to pair frequently, high capacity and user throughput will be obtained. When 
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 approaches to 1, the selected opportunity of low receive SNR user increases, the fairness also increases, but the capacity and user throughput will be decreased correspondingly. 

Therefore, the adjustable determinant pairing approach can be described as following:

1、 Node B measures the receive SNR of each UE and the channel matrix between each UE and Node B;
2、Node B selects a UE i, the receive SNR of this UE is 
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, channel matrix is 
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;
3、Node B selects each UE in turn from all the remain UEs and calculates the pairing factor 
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 with UE i;

4、Select the UE j that has the maximal pairing factor 
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 with UE i to pair with UE i and perform UL transmission.

3 System Level Simulation Assumptions

3.1 Simulation Scenario

The system level simulation assumption is given in Table 1, in which the carrier frequency (CF), inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed are specified.

Table 1 Simulation Scenario

	CF
	ISD
	BW
	PLoss
	Speed

	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	2.0
	500
	10
	20
	3


3.2 Frame Structure

The frame structure as shown in Figure 1 is based on the 10 msec frame with 20 TTIs and each TTI with 0.5msec interval consists of six long blocks and two short blocks [2]. 
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Figure 1 Up-link SC-FDMA frame structure
We only consider a localized case for the sub-channelization formed in each TTI.

3.3 Simulation Parameter Assumptions

The simulation parameters are given in Table 2.
Table 2 Simulation Parameter Assumption

	Number of Cells
	1

	Antenna Type
	non-directional 

	Number of UEs
	60

	Antenna Configuration
	1x2

	Centre Frequency
	2 GHz

	Max Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Noise Density
	-174dBm/HZ

	Interference Power
	-85dbm

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Round-robin

	Adaptive Power Control
	On 

	Adaptive Power Control Step Size
	1 dB

	Channel Sounding Delay for Virtual MIMO
	3 TTIs

	Virtual MIMO Receiver Type
	MMSE

	Fast Fading Model
	System level 996 channel （Urban Macro）

	Target BLER
	10%


3.4 MCS Scheme

The MCS schemes used in simulation are listed in Table 3.
Table 3 MCS Schemes

	Modulation
	            QPSK
	
	16QAM

	Code Rate
	1/3
	1/2
	2/3
	3/4
	4/5
	1/2
	2/3
	3/4
	4/5


4 Simulation Results

In this section, we evaluate the system performance for 1x2 diversity and 2x2 MU-MIMO with different UE paring approach. Table 4 lists the aggregated cell throughput with RR scheduling. Figure 2 gives the throughput CDF of users located in different place.
Table 4 Aggregate Cell Throughput (bps/Hz) for Localized Resource Allocation

	UE Pairing Approach
	Total Throughput(bps/Hz）
	Effective Throughput (bps/Hz）

	SIMO
	1.12768
	1.02772

	RP
	1.72207
	1.25200

	OF[1]
	1.63370
	1.10852

	DF[2]
	1.99679
	1.68174

	ADP (k=1.0)
	2.00536
	1.70025

	ADP (k=0.9)
	2.25565
	1.96994

	ADP (k=0.7)
	2.61762
	2.32933

	ADP (k=0.5)
	2.78506
	2.49331

	ADP (k=0.3)
	2.84535
	2.55357

	ADP (k=0.0)
	2.86511
	2.57584
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Figure 2 User Throughput CDF for Localized Resource Allocation
From Table 4 and Figure 2 we can observed, adjustable determinant pairing approach can obtain higher throughput, moreover, ADP can flexibly adjust the throughput and fairness by change k value.
5 Conclusion

In this contribution, we proposed an adjustable determinant pairing (ADP) approach for E-UTRA UL MU-MIMO. ADP selects UE pair by calculating the pairing factor to obtain high channel capacity and user throughput.  The throughput and fairness of pairing approach can be balanced by introducing an adjustable factor when calculate the paring factor. Compared with other pairing approaches ADP has higher user throughput and more flexibility. Therefore, in practical application, we can choose different pairing approach according to different scenario and requirement.
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