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1
Introduction
In the 3GPP RAN plenary meeting in March 2009, the WI on enhanced DL Transmission for Rel-9 to support dual-stream beamforming was approved [3]. It was also agreed that UE-specific demodulation RS (UE-RS) would be used for PDSCH demodulation [1-2] and that the UE-RS for the two streams will be orthogonal. In subsequent meetings the benefits of supporting MU-MIMO were discussed.
As work progresses on this work item, there seems to be growing consensus on a CDM pattern that provides a good overall performance and scales well to rank up to 4, see [4].  With the CDM pattern, the MU-MIMO support is straight forward. In this case, the UE is to be informed about the UE-RS offset (whether it corresponds to spreading sequence 1 or 2) and its rank (1 or 2). When the UE is scheduled with rank 1 it does not know if it is rank 1 SU-MIMO or rank 1 with MU-MIMO. However, there were some concerns related to the receiver performance when the use of MU-MIMO is not indicated as part of the DL assignment.
In this contribution we first show the benefits of MU-MIMO operation at system level for two types of UE receiver implementations, namely MRC and MMSE. We then present link level simulation results showing that the performance with SU/MU indication and without SU/MU indication is nearly the same. We conclude the contribution with our recommendation to support MU-MIMO operation as part of dual-stream beamforming (DS-BF). 
2 UE-RS patterns for DS-BF
In RAN1#57 meeting it was decided that the DM-RS pattern for DS-BF should consider the performance of UE-RS pattern up to rank 4. In [4] several patterns were studied. Based on those results we propose using the CDM patterns shown in Fig. 1 and Fig. 2 for rank up to 4. Each color represents one CDM group and corresponds to two layers. Blue is used for layers 0 and 1. Green is used for layers 2 and 3. The CDM spreading is over 2 REs in time and orthogonal spreading sequences are used for layers within a group (eg. [1 1] and [1 -1]). Note that for normal subframes UE-RS occupies 12REs/RB for rank 1 and 2, and 24REs/RB for rank 3 and 4. Similar patterns were also proposed for normal subframe and normal CP in [5,6].
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Figure 1: Normal CP
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Figure 2: Extended CP
.  
3 MU-MIMO with MRC / MMSE 

In Fig. 3 we show the CDF of UE spectral efficiency for the Urban Micro channel model with a diversity antenna setup (overheads are not accounted for in the figure) and using ITU evaluation parameters for 10MHz. 
We see that MU-MIMO provides significant gains over SU-MIMO and that implementing MMSE type receiver at UE is not necessary to get the MU-MIMO gains. Simple receivers like MRC can achieve a significant part of that gain. Although the performance with MMSE is better, we believe that receiver implementation should be left up to RAN4 to decide. 
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Figure 3: MU-MIMO Gains in ITU Evaluation Scenario Urban Micro
4 SU/MU-MIMO Indicator
With the CDM pattern, the MU-MIMO operation can be made straight forward to the UE. One bit can be used to indicate rank, i.e., to inform the UE whether it is assigned rank-1 or rank-2 transmission. In case of rank-1 transmission, one additional bit could be used to inform the UE about the spreading sequence assigned to the UE. If we can find a receiver that has identical processing for both rank-1 SU-MIMO mode and rank-1 MU-MIMO mode and performs well in both modes, then the UE does not need to know which mode it is in. In this case the MU-MIMO mode can be supported at the UE without additional complexity. In this section we present a receiver channel and interference estimation algorithm that is independent of the rank-1 transmission modes and that performs well for both SU-MIMO and MU-MIMO. 
The receiver implementation is as follows.  First, the channel for the layer assigned to the UE is estimated after de-spreading with the spreading sequence corresponding to the assigned UE-RS port. In case of rank-1 SU-MIMO the despreading leads to averaging of the channel across two REs while in case of rank-1 MU-MIMO apart from averaging the channel for the UE layer, it removes the interference from the other UE-RS port. 
Once the channel is estimated, we subtract the contribution corresponding to the layer assigned to the UE from the UE-RS observations and compute the interference covariance as the average of the covariance matrix of the residue. The computation is done per RB. In case of rank-1 SU-MIMO, this provides the average interference seen from the neighboring cells plus thermal noise. In case of MU-MIMO, this provides the average interference due to the 2nd layer transmitted by the eNB as well as the interference from neighboring cells and the thermal noise. The UE now has a channel estimate and an interference covariance estimate. It can employ any detector it chooses including MRC and MMSE. In case of MRC it ignores the off-diagonal elements of the interference covariance matrix.    
In Fig. 4-7 we show the performance of this receiver and compare with the case when the receiver knows the interference perfectly which is an upper bound on the performance of MU-MIMO operation. Simulation assumptions are included in Table 1. The gap between the curves is less than 1dB which provides an upper bound (non-achievable) on gains due to exact knowledge of whether rank-1 transmission is SU-MIMO or MU-MIMO. 
Table 1: Simulation Assumptions for Figs. 4-7
	Transmission Bandwidth
	5MHz

	Channel Model
	TU 3 km/h

	Number of Tx antennas
	4

	Number of Rx antennas
	2 

	Receiver Type
	Linear MMSE / MRC

	Allocation Size 
	24 RBs

	Number of Control Symbols
	3

	Number of CRS antenna ports
	2

	Channel Estimation
	2D MMSE, uniform Doppler and delay spread. Delay spread tuned to 5 us. Doppler spread tuned to 10 kmph. 

	CQI/Precoding feedback
	Eigen beam chosen once every 4 RBs. CQI feedback for MU-MIMO and SU-MIMO assuming no 2nd user.  

	MU-MIMO 
	2nd user beam orthogonal to main user beam. 
Different beam chosen for every 4RBs. 

Power split between two users. SNR = total transmit power for both layers / thermal noise power 
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Figure 4: Rank 1 MU-MIMO with MMSE

[image: image5.emf]-5 0 5 10 15 20 25

1000

2000

3000

4000

5000

6000

7000

8000

SNR

Throughput (kbps)

TU, 3 Kmph, 4x2, Rank 1 MU-MIMO, MRC receiver

 

 

Estimated Channel, Estimated Interference

Estimated Channel, Perfect Interference  

Perfect Channel, Estimated Interference  

Perfect Channel, Perfect Interference    


Figure 5: Rank 1 MU-MIMO with MRC
[image: image6.emf]-5 0 5 10 15 20 25

0

5000

10000

15000

SNR

Throughput (kbps)

TU, 3 Kmph, 4x2, Rank 1 SU-MIMO, MMSE receiver

 

 

Perfect channel + Perfect Interference    

Perfect channel + Estimated Interference  

Estimated channel + Perfect Interference  

Estimated channel + Estimated Interference


Figure 6: Rank 1 SU-MIMO with MMSE
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Figure 7: Rank 1 SU-MIMO with MRC
To make good use of the SU/MU-MIMO indicator in the DL assignments, the eNB may have to put some scheduling restrictions. For example, with one bit to indicate SU/MU-MIMO, it is forced to either schedule only the UE in the entire data assignment  for the UE or schedule the UE with other UEs in the entire data assignment. Scheduling the UE with some RBs with MU-MIMO and some RBs with SU-MIMO is either not allowed or would need to assume an ‘OR-of-MU multiplexing’ rule across allocated RBs. Apart from the scheduling restriction, the eNB will need to include this additional information in the grant. Based on these arguments and since we do not expect to see any gains with non-transparent operation we propose not having the SU/MU-MIMO indicator in the DL assignments.
5
Conclusion
In this contribution we presented our views related to MU-MIMO operation in LTE Rel-9 as part of DL-BF as summarized below:
· We showed that MU-MIMO gains are possible with both MRC and MMSE receivers irrespective of the SU/MU-MIMO indication in the DL assignment
· No SU/MU-MIMO indicator is needed
· Receiver implementations are possible that are identical for rank-1 MU-MIMO and rank-1 SU-MIMO and provide reasonable performance in both cases.

· SU/MU-MIMO indicator not providing sufficient performance improvement while it increases the DL overhead and could impose scheduling restrictions if the network was to make extensive use of it
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