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1
Introduction
In RAN1#59 bis the following decision were made on aspects relating to MU-MIMO dimensioning

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified 

· Not more than 2 layers per UE with 2 orthogonal UE RS ports 

· Not more than 4-layer transmission in total for MU-MIMO transmission 

· Note: Two alternatives are to be studied: 

· 4 orthogonal UE RS ports and 1 scrambling sequence are defined 

· orthogonal UE RS ports and 2 scrambling sequences are defined as in Rel-9 

· FFS whether one or both alternatives will be specified (and if only one, which one) 

· Note that in any case TM8 will remain specified in Rel-10 

In this contribution we present our views on some of these aspects.
2
Orthogonal versus Non-Orthogonal Multiplexing
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The two alternatives for upto rank 4 multiplexing are shown above. In both these patterns two layers are grouped and orthogonally multiplexed using CDM over 2 contiguous REs in time. In orthogonal multiplexing, two such groups are multiplexed using FDM (group 1 Blue REs, group 2 Green REs). In non-orthogonal multiplexing the same REs are used for pilots of both groups but a different scrambling sequence is used for the two groups.  

Non-orthogonal multiplexing is already supported in Release 9 and has lower overhead when compared with orthogonal multiplexing however the channel estimation with non-orthogonal multiplexing is poorer. In this contribution we compare the performance of a simplistic MU-MIMO setup with these two alternatives. 
3
Simulation 
3.1
Setup
We consider a simple link-level model that assumes a conservative MU-MIMO pairing. We simulate one UE which is allocated two layers and assume that it is paired with a second UE. The simulated UE reports two eigen beams which are used for the transmission to the UE. The beams used for the second UE u1 and u2 are generated using the following structure 
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where the αi’s are real uniformly distributed random variables between –α and α, e1 and e2 are eigen vectors reported by the simulated UE, and v1 and v2 are random complex Gaussian unit norm vectors orthogonal to e1, e2 and each other.
We study the throughput achieved for UE1 with orthogonal and non-orthogonal pilots. We consider two different receivers

Receiver Algorithm A – UE estimates the channel for its two layers. It then estimates the residual interference. The residual interference includes interference from the signals transmitted to the 2nd UE as well as the thermal noise
Receiver Algorithm B – UE estimates the channel for its two layers as well as the channel for the other two layers and the residual interference. Here the residual interference is primarily thermal noise. It then proceeds to MIMO demodulation treating the transmission as a rank 4 transmission. 

The remaining simulations assumptions are provided in Table 1. 

Table 1 Simulation Assumptions
	Transmission Bandwidth
	5MHz

	Channel Model
	TU, Ped A,  3 km/h

	Number of Tx antennas
	8

	Number of Rx antennas
	2 and 4 

	Receiver Type
	Linear MMSE

	Allocation Size 
	24 RBs

	Number of Control Symbols
	3 for regular subframes

	Number of CRS antenna ports
	2

	UE-RS pattern
	Rank 2 UE-RS pattern with two different scrambling sequences for non-orthogonal multiplexing and Rank 4 UE-RS pattern for orthogonal multiplexing

	CQI/Precoding feedback
	Perfect Eigen feedback every 5ms

Precoding Granularity 1RB

	CP Mode
	Normal CP

	Channel Estimation
	2D MMSE with uniform Doppler spread tuned to 10 kmph and uniform delay spread of 5us

	Interference Estimation
	Realistic

	HARQ
	Target 10% after 1st transmission


3.2
Simulation Results 
3.2.1
RX Receiver A
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Figure 1: Ped A 8x2 Corr. Factor = 0
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Figure 2: Ped A 8x2 Corr. Factor = 0.2
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Figure 3: TU 8x2 Corr. Factor = 0
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Figure 4: TU 8x2 Corr. Factor = 0.2
From the simulation results shown in Figures 1 through 4, we see that for 2Rx non-orthogonal pilots perform better primarily due to the lower overhead. 
3.2.2
Simulation Results 4 RX
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Figure 5: Ped A 8x4 Corr. Factor = 0
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Figure 6: Ped A 8x4 Corr. Factor = 0.2
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Figure 7: Ped A 8x4 Corr. Factor = 0.4

[image: image10.emf]-5 0 5 10 15 20 25 30 35

0

500

1000

1500

2000

2500

3000

3500

4000

4500

SNR (dB)

Throughput (Kbps)

TU 3 Kmph 8x4 



 = 0

 

 

Non-Orthogonal Pilots Rcvr A

Orthogonal Pilots Rcvr A    

Orthogonal Pilots Rcvr B    


Figure 8: TU 8x4 Corr. Factor = 0
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Figure 9: TU 8x4 Corr. Factor = 0.2
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Figure 10: TU 8x4 Corr. Factor = 0.4
From the 4 Rx simulation results shown in Figures 5 through 10,  we see that orthogonal pilots do provide improved performance especially when the cross correlations between the beams in high. The gains of orthogonal pilots over non-orthogonal pilots are expected to be larger for 4Tx than those shown here since the eNB with 4 Tx cannot choose the precoding beams to null the channel to a 4 Rx UE.
4
Conclusions
We compared the performance of a simple MU-MIMO setup with orthogonal and non-orthogonal multiplexing upto rank 4. We observed that orthogonal pilots are beneficial with 4 Rx but they have some performance loss for 2 Rx due to the higher overhead. Since 4 Rx UEs already support the rank 4 pattern, adding support for MU-MIMO with orthogonal multiplexing upto 4 layers does not increase the UE complexity requiring just minor modifications to the antenna port, rank indication in the DL grant [1]. We therefore propose that MU-MIMO with orthogonal multiplexing of 4 layers be supported. 
We propose the following:

· In the new Rel-10 transmission mode corresponding to transparent SU/MU-MIMO operation, allow operation with 4 orthogonal UE-RS ports in the case of MU-MIMO.  This mode will be primarily used for 4Rx UEs. 

· In the same Rel-10 transmission mode corresponding to transparent SU/MU-MIMO operation, allow signalling of up to two scrambling sequences.  The mode of operation with 12 UE-RS RE per RB anyhow should be supported as was discussed in [1].  
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