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1 Introduction
This contribution compares several closed loop SU-MIMO and MU-MIMO schemes for the LTE-A down link. Our focus is on single transmission stream per served UE and we compare the performance of the specific codebooks reported in [1] [2] [3], and the overall gains associated with the codebook transformation approach of [4]. As this transformation generates non-orthogonal codebooks we also investigate the effect of Tx zero-forcing [6] in conjunction with the codebook transformation. 

Our focus in this contribution is on the simplest set-up where each scheduled UE is allocated the entire bandwidth. In a future contribution, we will provide the analog results for the case where narrow band grants and frequency-selective scheduling is utilized.
2 Closed loop MIMO schemes

We consider the following closed loop MIMO precoding schemes:   

· Base: The codebook based precoding approach that is used in Rel 8.
· Transformed CB: The approach in [4] where the codebook is adaptively transformed based on the correlation matrix 

· ZF: The codebook-based approximate Tx zero forcing approach described, for example, in [6] 

· Transformed CB–ZF: The combination of CB adaptive transformation and approximate ZF

The motivation behind the Transformed CB-ZF scheme is that the codebook transformation operation ruins the orthogonality between the codewords of the codebook, Moreover, because the adaptive transformation is UE specific then clearly, in the MU-MIMO case, codewords that are fed back by different UE’s are not orthogonal. Therefore some kind of orthogonalization seems to be a necessary ingredient.
We also note that the performance with transformed codebooks depends on the adaptation rate and the accuracy of the channel covariance estimate used by the eNB. In our simulations (and also in [4]) the empirical channel covariance matrix is estimated over a certain time window and the length of this window is directly relate to the feedback rate. The shorter the averaging interval the better is the CSI knowledge at the eNB but the bigger is the feedback overhead (clearly, in the limit of no averaging the eNB would have the full CSI). In [4] the averaging interval was 70 ms (1000 samples at 15 kHz sampling rate were used); Here we evaluated also a much longer window of 1 sec which would incur a much smaller feedback overheads. 

Three 4-bit codebooks (8TX) were considered for each of the above four precoding schemes: 
1. 4-bit codebook corresponding to two sets of the 8 orthogonal codewords generated by the method described in section 2.4 of [1], and nicknamed DP16 (Direct product of LTE 4TX and 2TX codebooks).  The two sets are selected based on the minimum Chordal distance. This selection is not optimized yet for all channels or antenna configurations.  
2. 4-bit CHT codebook from [2],  
3. 4-bit DFT based codebook from [3]
3 Simulation Results
System level simulations were performed based on the assumptions given in the Appendix 6.1. The scheduling algorithm and UE receiver assumptions used in all simulations is described in Appendix 6.2.
3.1 SU-MIMO

Table 1 demonstrates the effect of the codebook adaptation in SU-MIMO Rank-1 transmissions.  Without transformation the 8Tx gain 3% to 7% over 4Tx in the average cell throughput And 9% to 18% in the cell-edge throughput.   The transformed codebooks boost the gains to 9% (average cell) and 25% (cell-edge).  With transformation the three codebooks perform similarly, We also note there is almost no loss due to the slower adaptation rate.
	               % Gain from from 4x2 SU-MIMO 
Precoding scheme
	Average cell throughput
	5% edge throughput

	4x2 SU-MIMO – Rel8
	0%
	0%

	Base codebook – DP16
	3%
	9%
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transformed codebook - DP16, T=50
	9%
	24%
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transformed codebook – DP16, T=1000
	9%
	24%

	Base codebook – CHT
	7%
	18%
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transformed codebook- CHT , T=50
	9%
	25%
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transformed codebook- CHT , T=1000
	9%
	23%

	Base codebook – DFT
	6%
	17%
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transformed codebook – DFT , T=50
	9%
	25%
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transformed codebook – DFT , T=1000
	9%
	25%


Table 1: Throughput gains of 8X2 SU-MIMO with different precoding schemes relative to a baseline of 4x2 Rel8 for SU-MIMO with 0.5λ Tx antenna separation.
3.2 MU-MIMO

Table 2 shows the throughput performance with different precoding schemes based on different base codebooks.    
	               % Gain from from 4x2 SU-MIMO 
Precoding scheme
	Average cell throughput
	5% edge throughput

	4x2 SU-MIMO – Rel8
	0%
	0%

	4x2 MU-MIMO – Rel8 Orthogonal Pairing
	11%
	-1%

	4x2 MU-MIMO – Rel8 Chordal Distance Pairing

	18%
	1%

	Base codebook – DP16
	20%
	7%

	Base codebook – DP16, ZF
	21%
	8%

	
[image: image7.wmf]2

1

R

transformed CB - DP16, T=50
	36%
	31%
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transformed CB– DP16, T=1000
	35%
	29%
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transformed CB-ZF - DP16, T=50
	55%
	44%
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transformed CB-ZF – DP16, T=1000
	53%
	41%

	Base codebook – CHT
	23%
	11%

	Base codebook – CHT, ZF
	24%
	13%

	
[image: image11.wmf]2

1

R

transformed CB – CHT, T=50
	37%
	31%
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transformed CB– CHT, T=1000
	37%
	31%
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transformed CB-ZF – CHT, T=50
	54%
	41%
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transformed CB–ZF  – CHT, T=1000
	52%
	41%

	Base codebook – DFT
	29%
	9%

	Base codebook – DFT, ZF
	35%
	2%
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transformed CB – DFT, T=50
	37%
	30%
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transformed CB – DFT, T=1000
	36%
	29%
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transformed CB-ZF -  DFT, T=50
	53%
	41%
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transformed CB –ZF - DFT, T=1000
	52%
	39%


Table 2: Throughput gains of 8x2 MU-MIMO with different precoding schemes relative to a baseline of 4x2 Rel8 for SU-MIMO with 0.5λ Tx antenna separation.
We make the following observations: 

1. Release 8 (4x2): MU-MIMO with Chordal-distance pairing gains 20% over SU-MIMO on the average cell throughput.
2. With Base precoding (i.e., without ZF or transformation) the 8TX configuration doesn’t achieve any significant gain over 4TX.

3. The transformed CB-ZF precoding gains more than 50% (average cell) and 40% (cell-edge) compared to the 4x2 SU-MIMO baseline. This is a 30% improvement over the 8TX Base precoding.
4. ZF alone or adaptive transformation alone do not give much gain. Only the combination of the two yields the above 30% gain.
5. The transformed CB-ZF performs similarly with all three codebooks. We therefore expect that the base codebook can be further reduced without much loss.
4 Conclusions 
We showed that the average cell throughput with 8x2 MU-MIMO based on a slowly adapting codebook can gain 50% over that with 4x2 SU-MIMO and 30% over a baseline 8x2 MU-MIMO  that doesn’t adapt the codebook. 
These results were obtained for for antenna configuration of 0.5 λ and for the simplest set-up where each scheduled UE is allocated the entire bandwidth. Nevertheless this precoding scheme looks very promising.
The quantization and feedback of the spatial covariance which is used for the CB adaptive transformation should be further studied.
5 References

[1] Marvell, “Precoding options for 8 Tx antennas in LTE-A DL”, R1-090388, January 2009

[2] Samsung, “Codebook Design for 8 Tx Transmission LTE-A”, R1-090618, January 2009
[3] Huawei, “DL-MIMO codebook”, R1-091281, March 2009
[4] Huawei, “Adaptive Codebook Designs for MU-MIMO”, R1-091282, March 2009

[5] Marvell, “On the need for the transmission precoding at the receiver in MU-MIMO”, May 2009
[7] Freescale Semiconductor, “Details of Zero-forcing MU-MIMO for DL EUTRA”, R1-071510, February 2007

6 Appendix 
6.1 Simulation Assumptions

	Parameter
	Assumption

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between Node-Bs: 0.5  Between cells: 1.0

	Antenna pattern  (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antennas Configurations
	8x2 Linear Array  (0.5 λ  for Tx separation and 0.5 λ for Rx separation)

	Channel model
	Spatial Channel Model, Urban Macro, high spread with 5Hz doppler

	UE speed
	3km/hr

	Traffic model
	Full buffer

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	Antenna Bore-sights (for 3-cells with fixed antenna patterns)
	30, 150 and 270 degrees



	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Scheduler
	Proportional Fair

	Measurement Delay
	2ms

	CQI/PMI report interval 
	5ms 

	CQI/PMI granularity
	Wideband as in Rel. 8

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Scheduling  granularity
	Wideband

	HARQ Delay
	6ms

	Inter-cell interference modelling
	Serving cell and the 4 strongest interfering cells are explicitly modelled.

	Channel Estimation
	Ideal

	Receiver Configuration
	LMMSE


6.2 The scheduling algorithm used in the simulations

With SU-MIMO conventional PF scheduling is used. For MU-MIMO, UE pairing is performed using a Chordal-distance based metric, where a threshold is set to prevent UE’s with closely spaced precoders to get paired up.  The scheduler works as follows:

1. For each TTI, calculate the proportional fair (PF) metric of each UE based on the reported CQIs and the average user throughput.

2. The UE with the largest PF metric is chosen as the primary UE.  

3. Generate a list of all the UE’s for which their reported preferred PMI has a Chordal-distance (to the primary UE preferred PMI) which is above a threshold.
4. If the list is empty, SU transmission to the primary UE is carried out. Otherwise continue to step 5.

5. A secondary UE with the largest PF metric is chosen from the list. This secondary UE is paired up with the primary UE to form MU transmission.
6.3 UE Receiver

In all precoding options the UE performs MMSE demodulation using perfect knowledge of the precoded channel of both the desired and interfering transmissions, assuming they can be derived, for example, from the precoded UE-specific RS.
















�Should we include this result?
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