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1 Introduction

The precoded per-user rate control (P-PURC) scheme has earlier been introduced in [1] as an implementation of non-unitary precoding MIMO. In this contribution, the precoded MIMO for the downlink LTE is briefly presented and then evaluated using system level simulations in macrocell environments. The 3GPP SCM suburban and urban macro channel models [2] are used in this contribution with 3 km/h UE speed. It is shown how precoded MIMO can provide increase in the average cell and user throughput and also improve the throughput for cell edge users compared to the reference 1x2 cases. 

The macrocell channel models in [2] have a mean angular spread of 5-15 degrees at the BS, which indicates that the BSs are placed above rooftops. Therefore, a beamforming type of codebook is used for the MIMO precoding since it is well suited for the high transmit correlation in this type of environments. Two or four antennas at the transmitter side and two antennas at the receiving UE are assumed. A single codeword transmission is assumed with LMMSE receivers in the UE which utilize the covariance matrix from interfering cells which is assumed to be ideally estimated.
2 Further details of the proposed DL MIMO scheme
Here follows a description of the precoded per user rate control (P-PURC) MIMO scheme that Huawei earlier introduced in [1] motivated by the initial analysis in [5]. The proposed scheme utilized non-unitary precoding and supports both single-user MIMO and multiple-user MIMO. Also, both single codeword and multiple codeword transmission using the same time-frequency resource are supported. However, in this contribution, we consider single codeword transmission only, since it has the lowest feedback requirements. Also, closed loop transmit beamforming (single stream per resource block) and multi-user MIMO or SDMA (dual streams per resource block but transmitted to different users) are compared. These cases are most interesting in macro cells since the relatively low angular spread is less suited for multiple streams to a single user (i.e. SDM).  
In Figure 1, the concept of MIMO precoding with multiple users and a single codeword transmission is shown. Each user feed back a CQI value per sub-band and the preferred precoding vector index, which points to a specific entry in the precoding vector codebook. Possible CQI compression techniques to reduce uplink signaling overhead, such as the ones described in [4], has not been taken into account in this study. However, the effect of reporting a precoding vector index for each sub-band or a single index for the whole bandwidth is studied. These two cases approximately give the upper and lower bound of precoded MIMO performance. 
Figure 1 shows an example where the physical resource block (PRB) B is simultaneously used by both users, which is the multi-user SDMA case. In the case of closed loop transmit beamforming; a resource block is used by at most one user at a time. 
2.1 Non-unitary MIMO precoding 

We assume a codebook consisting of array response vectors due to the reasons discussed in Section 1. Whether other codebooks (e.g. based on Grassmanian manifold theory) give better performance in rich-scattering channel with higher angular spread is FFS. 

A codebook of M precoding vectors is assumed, consisting in this example of M equally spaced
 beams over the 120 degree sector coverage. Hence, the codebook consists in the Nt=2 Node B antenna case of the 
[image: image1]
Figure 1 Single codeword, Multi-User (MU)-MIMO where different users may share a time-frequency resource (i.e. data for different users are mapped on the same physical  resource block).
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where 
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indirectly determines the beam directions. When Nt=4 Node B antennas are used, we selected the transmit power on the two outer antennas 3 dB less than the power of the inner antennas, to reduce the side lobes of the beamforming radiation pattern. The codebook is then defined by these vectors
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Each UE estimates the channels from the Nt transmit antennas using antenna specific pilots. 
If single stream MIMO (i.e. closed loop transmit beamforming) is used, the UE knows that the only interference comes from inter-cell interference and noise. Using the estimated 
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 on subcarrier s, and assuming LMMSE receivers, the signal to noise plus interference ratio (SNIR) using precoder k on this subcarrier is calculated as
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where 
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 is the estimated covariance matrix of the intercell interference plus thermal noise on subcarrier s and P is the transmit power. The SNIR maximizing precoding vector on subcarrier s is thus obtained as 
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This is the preferred precoding vector index (PVI) on subcarrier s. When MU-MIMO is used, the UE needs to estimate the SNIR assuming that there is a transmission on a second stream (to another user). Hence, the UE prefers the precoding vector 
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and is simultaneously interfered by the precoding vector
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 which belongs to the same group (to assure reuse of a resource with a precoding vector with low spatial correlation, see [1] for the grouping of precoding vectors). The corresponding SNIR from the two streams are then calculated as






[image: image14.wmf](

)

k

H

s

H

p

p

s

H

s

H

k

p

k

s

H

H

PH

R

H

P

v

v

v

v

1

,

,

-

+

=

G







(3)
and the preferred precoding vector is found from
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(4)
Practically, PVI’s will not be determined on a subcarrier basis, but rather one PVI per localized resource block (375 kHz sub-band) or one PVI valid for all subcarriers in some average sense. The effects of this PVI compression to reduce feedback bandwidth will be further investigated and some initial results are provided in Section 3.3.
3 MIMO precoding simulation results 
The simulation setup assumes a downlink LTE system with 10 MHz bandwidth and 375 kHz sub-band bandwidth. The results presented here are based on system simulations according to case I in [2] and detailed assumptions can be found in the appendix. The user throughput is compared for different loads in the system. The average user throughput and 5th percentile of the user throughput is shown as a function of the total system throughput (per cell). The 5th percentile gives the results for the 5% worst users, defined as the cell edge users. 
Throughput results are given for a Suburban and Urban macro cellular environment for the reference 1x2 case and for 2x2, 4x2 MIMO cases with 0.5( antenna spacing. For the 2x2 case, antenna selection results with 4( transmit antenna spacing are also shown to indicate the performance of the simplest possible precoded MIMO scheme. 
All cells in a simulation run are assumed to be using the same type of MIMO scheme, hence, if for instance closed loop beamforming is used, inter-cell interference is explicitly and accurately modeled with closed loop beamforming in adjacent cells as well, creating realistic and random fluctuating inter-cell interference.  

3.1 Closed Loop Beamforming 
In Figure 2, the SCM Suburban results are shown where the mean angular spread at the BS is only 5(. The average user throughput is given as a function of average cell throughput for different cell loads (1, 5 and 10 active users). It is assumed that one PVI per sub-band is reported with 3 sub-frames delay. The 2x2 precoded MIMO improves the average cell throughput from 18.8 Mbit/s (1x2 reference case) to 22.7 Mbit/s and the 4x2 system has an average cell throughput of 24.9 Mb/s, assuming a cell load of 10 UE’s. These improvements correspond to a 20% and 32% cell throughput increase respectively. The increase in cell edge user throughput is 92% and 187% respectively. Hence, a large gain in throughput for cell edge users can be seen due to the beamforming gain and also beamforming in adjacent cells that reduce the intercell interference. This is despite the fact that the intercell interference becomes more unpredictable (since scheduling in other cells is unknown) when beamforming is used in adjacent cells. However, as an encoded block is commonly mapped and interleaved over several sub-bands (usually 3-6 for 10 MHz bandwidth and proportional fair scheduler), the sensitivity to CQI uncertainties is thereby reduced.  
Figure 3 shows the results for the SCM urban with 15( mean angular spread at the BS. Here the improvements in average cell throughput are 17% and 29% over the reference case respectively, about the same as in SCM suburban channel. However, the antenna selection has much better performance compared to the reference case in SCM urban than in SCM suburban, due to larger angular spread and hence less correlation at the transmitter side.  
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Figure 2 Average user (solid) and Cell Edge 5th percentile user (dashed) throughput depending on cell load in 
SCM suburban model, mean angular spread 5 degrees, 3 km/h UE speed. Cell load is 1, 5 and 10 UE’s respectively.  Element spacing is 0.5 wavelength for precoding case and 4 wavelengths for antenna selection case.
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Figure 3 Average user (solid) and Cell Edge 5th percentile user (dashed) throughput depending on cell load in 

SCM Urban macro model, mean angular spread 15 degrees, 3 km/h UE speed. Cell load is 1, 5 and 10 UE’s respectively.

3.2 SDMA results
In Table 1 and Table 2 respectively, results from a simulation of SDMA in the SCM Suburban macrocell and SCM Urban macrocell are compared to closed loop beamforming and the reference case. It turns out that SDMA does not give better throughput then the closed loop beamforming in the investigated channel scenarios. One of the reasons is that the available power per scheduled resource block is reduced by 3 dB due to the sharing of the resource block with another user. Furthermore, with SDMA, the interference from the second stream must be suppressed by the LMMSE receiver and the intercell interference suppression capabilities are therefore reduced. 
Table 1 Results from simulation in SCM Suburban macrocell.

	
	Avg. Cell TP

[Mbit/s]
	Avg.User TP

[Mbit/s]
	Cell Edge TP

[Mbit/s]

	Number of UE’s per cell
	5
	10
	5
	10
	5
	10

	1x2 Reference
	17.0
	18.8
	3.40
	1.89
	0.54
	0.24

	2x2 P-PURC (CL Beamforming)
	21.4
	22.7
	4.28
	2.27
	1.00
	0.46

	2x2 P-PURC (SDMA)
	21.0
	21.9
	4.21
	2.19
	0.66
	0.34


Table 2 Results from simulation in SCM Urban macrocell.

	
	Avg. Cell TP

[Mbit/s]
	Avg.User TP

[Mbit/s]
	Cell Edge TP

[Mbit/s]

	Number of UE’s per cell
	5
	10
	5
	10
	5
	10

	1x2 Reference
	16.6
	17.8
	3.32
	1.78
	0.45
	0.19

	2x2 P-PURC (CL Beamforming)
	19.7
	20.9
	3.93
	2.09
	0.69
	0.31

	2x2 P-PURC (SDMA)
	18.4
	19.5
	3.68
	1.95
	0.36
	0.18


3.3 Effects of reducing PVI feedback load
Figure 4 shows the effect of reducing the PVI reporting from one PVI per sub-band (i.e. 24 PVI’s in a 10 MHz bandwidth channel), to a single PVI, obtained by finding the most common PVI of the sub-band PVI’s. There is a loss of 7 % in average cell throughput and 52% in cell edge throughput (not shown in the figure) when a single PVI and 10 UEs per cell is assumed. However, there is still a considerable improvement over the reference case. Furthermore, the reduced PVI reporting scheme can be improved, for instance, by signaling the most common PVI of the 5 sub-bands with highest SNR instead of all sub-bands since they are more likely to be scheduled and are thus more important (similar to CQI reporting in [4]). 
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Figure 4 Results showing the average user throughput in 

SCM suburban model, 3 km/h UE speed with 1 PVI per sub-band per UE and 1 PVI per UE (for whole bandwidth). The cell load is 1, 5 and 10 UE’s respectively.
4 Conclusions
Precoded MIMO for LTE downlink can provide considerable gain in macrocell environments. In this contribution the gain were demonstrated by using a non-unitary vector codebook. With two transmitter antennas at the BS, the average cell throughput is increased about 20% and the cell edge user throughput is increased by 100% under realistic assumptions of unpredictable (beamformed) inter-cell interference. The results also indicated that multiple stream transmission (SDMA) does not give any additional benefits in suburban channel. Furthermore, antenna selection has very low gain over the reference case in suburban channel but improves slightly in the urban channel with larger angular spread. 
5 Appendix

Here follows a table with the details of the simulator setup. 
Table 1: Simulation parameters for Case 1 as in [1], table A.2.1.1-1

	Parameter description
	Value

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	Link mapping / metric


	No metric / link embedded in system simulator

	Node B
	Total available power
	20 W

	
	Power assigned to pilot/data
	2 W / up to 18W 

	
	Number of TX antennas 
	1,2 or 4, spaced 0.5( or 4(

	
	Antenna gain plus cable loss
	14 dBi

	
	Antenna pattern
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	Slow fading
	Standard deviation [image: image23.png]50% and 90% COF user throughput [Kbits/s]

Faimess curves

Fraction of users

06 08 1 12 14

Normafized sector throughput
Feughpat Curves

12000
10000
8000
6000
4000
2000

4000 6000 6000
Sector throughput [Kbits/s]

10000

12000




	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	SCM suburban model, 3 km/h

SCM urban model, 15( mean AS, 3 km/h



	
	Penetration loss
	0 dB

	
	Intercell Interference
	Explicit for 3 strongest cells, including beamforming – other cells: white



	UE
	Thermal noise
	Power density -173.9 dBm/Hz in 10 MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	
	Number of RX-antennas
	2, spaced half a wavelength (LMMSE receiver with interference covariance assumed known)

	
	Channel estimation
	Ideal

	
	H-ARQ processing
	Chase combining

	
	Turbo decoder
	Max-log MAP with up to 8 iterations

	H-ARQ
	Traffic model
	Full queue 

	
	Number of processes
	6

	
	Delay from CQI-report to 1st transmission
	3 sub-frames or 1.5 ms

	
	Delay between retransmissions
	Minimum 6 sub-frames or 3 ms

	
	HARQ type
	Chase, asynchronous, non-adaptive

	
	Maximum number of transmissions
	1 initial transmission + 3 re-transmissions

	Scheduler
	Transport formats
	Any MCS with 0.1 < MODrate x CODrate < 4.5

	
	User traffic multiplexing
	Localized subbands

	
	Scheduler
	Proportionally Fair

	Precoding
	Codebook size
	M=8 vectors

	
	Spatial correlation used in codebook grouping [1]
	(=0.2

	
	Codebook phase expression
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	Delay in PVI reports
	3 sub-frames or 1.5 ms
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� Equally spaced in sin(()-domain. 


� Given a precoding vector index k, the interfering precoding vector index p is found in the same group, see � REF _Ref125277465 \r \h ��[1]�. If the group consists of several possible interfering precoding vectors, the UE can choose to report SNIR for the worst case, or pick one from the group randomly.
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