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1. Introduction
The following has been agreed in RAN1#59b with regards to MU-MIMO design for Release 10 –For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· 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 DM RS ports

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

Note: Two alternatives are to be studied:

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

· 2 orthogonal DM 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 study the following two alternatives –

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined
· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9
In the case of 4 orthogonal ports, we study CDM+FDM option with length-2 OCC. 
2. DM-RS ports for MU-MIMO
The second alternative of 2 orthogonal DM-RS ports and 2 scrambling sequences as defined in Rel-9 provides a natural baseline for performance. The introduction of 4 orthogonal DM RS ports can be considered if a performance benefit is observed. We note that, aside from throughput performance, several benefits of the Rel-9 baseline has been mentioned in [1]

 REF _Ref257984592 \n \h 
[2] including PDCCH signaling design and UE complexity. In this contribution we focus on the throughput performance of the two alternatives (by considering the different overheads for the two cases). 

3. Simulation Setup

UE selection: MU-MIMO is simulated with four UEs where the best four users are chosen from a set of ten UEs to schedule at a given time (only based on spatial characteristics, not on other characteristics like a proportional fair metric).  

Channel Model: The SCM-E channel model (urban macro with 15 degree angular spread) is used with a mobile speed of 0 kph (to remove the effects of speed from the results). 

Receiver: The mobile uses a LMMSE receiver where the interference is estimated on a per-PRB basis by subtracting out the channel estimate of the desired data stream and then computing a single covariance matrix from the residual signal. The channel estimation is performed by a 1-D MMSE estimator.
PRB Bundling : The simulation results presented in this contribution do not consider PRB bundling (channel estimation is done per PRB at the UE). In a separate contribution [4] we discuss the impact of PRB bundling on MU-MIMO performance.
 
Feedback: Two feedback methods are considered, the first is ideal covariance feedback (to simulate sounding based MU-MIMO) and the second is with LTE Rel-8 4 bit codebook.
Results: Figure 1 show throughput results for a DOD-calibrated array. 4Tx ULA with 0.5 λ was used in the simulations. It is only at very low SNRs that four orthogonal DM-RS sequences improve the performance for both feedback methods. At higher SNR the improved channel estimates with four orthogonal sequences is not as important as the throughput loss from the additional pilots.

[image: image1]
Figure 1: Throughput comparing orthogonal and non-orthogonal DMRS for 4 UE MU-MIMO. Quasi-orth is Rel-9 type DMRS, Orthogonal is CDM+FDM DMRS
Figure 2 shows the throughput information in Figure 1 integrated over a 131 geometry. This is a rough estimate of relative system-level performance (without a scheduler). This shows that FDM+CDM orthogonal DMRS can cause a 4-6% degradation is system level performance compared to Rel-9 type DMRS.

[image: image2]
Figure 2: Rough estimate of relative system performance due to orthogonal and non-orthogonal DMRS. ORTH-4 is FDM+CDM with CB feedback, NON-4 is Rel-9 DMRS with CB feedback, NON-M is Rel-9 DMRS with covariance feedback, ORTH-M is CDM+FDM with covariance feedback 

4. Conclusions 
In this contribution we studied the two alternatives for DM RS ports for 4 layer MU-MIMO operation with PMI feedback as well as covariance feedback (from sounding). 
· We observe that in a broad range of SNR (except extremely low SNR) the MU-MIMO throughput performance is limited by the overhead (and intra-cell interference). The improved channel estimates with 4 orthogonal ports is not as important as the throughput loss from the additional pilots. Therefore Rel-9 type DM RS ports provide a superior performance due to lower overhead.
· In extremely low SNR, the throughput performance is limited by channel estimation errors and 4 orthogonal ports provide a better performance due to improved channel estimation. This range, however, is not likely to be used for 4 layer MU-MIMO.

· We observe that the Rel-9 configuration of 2 orthogonal ports + 2 scrambling sequence perform well and can be used as a baseline configuration. Further studies may be conducted to evaluate particular designs [3] for 4 orthogonal ports to see if they provide additional benefits over a baseline Rel-9 option.
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� The results presented in an earlier contribution � REF _Ref260507900 \n \h ��[5]� considered a PRB bundling of 6 PRBs.





2
3

[image: image3.wmf]-10

-5

0

5

10

15

20

0

1

2

3

4

5

6

7

8

9

10

SNR (dB)

Throughput (bits/subcarrier)

 

 

Quasi-orth., cov

Orthogonal, cov

Quasi-orth., 4 bit CB

Orthogonal, 4 bit CB

[image: image4.wmf] NON-M

ORTH-M

 NON-4

0

5

10

15

20

25

30

Percent throughput gain over ORTH-4

131

