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1. Introduction

Precoding can significantly improve the data throughput for 3GPP LTE DL. In this contribution, system simulation results are presented to show the gain in sector throughput and coverage for a 4x2 Antenna precoding system over a SIMO DL with and without the downlink link L1/L2 control channels used for scheduling assignments and grants (CCHs). In particular, it is shown that with both data and control channels precoded, a four antenna deployment need not require more control channel resources (e.g., larger n) than a non-precoded system. 
2. Beamforming based on the precoding feedback
Single stream beamforming is implemented using the precoding feedback from the UEs. A codebook of size 64 is used and the feedback codeword is optimal in the average sense over the whole bandwidth.  4 transmit and 2 receive antennas are assumed.  Each codeword in the codebook has the form of [c1, c2, c3, c4], where c1=1 and 
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Table 1 summarizes the downlink system simulation reference cases given in [2]. Detailed simulation parameters are listed in Annex A. 
Table 1- Downlink system simulation assumptions

	Simulation
	CF
	ISD
	BW
	Ploss
	Speed
	Traffic Type

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Used

	1
	2.0
	500
	10
	20
	3
	Full-buffer

	3
	2.0
	1732
	10
	20
	3
	Full-buffer


It is assumed that the average CQI per RB and the codeword for the whole bandwidth is reported every 2ms in addition to a 1.5ms feedback delay. Frequency-domain (FDS) scheduling is simulated for both SIMO and 4x2 beamforming and ideal channel estimation is assumed. System performance results for bearer data are summarized in Table 2-3. In these results, the overhead from control and reference symbols is assumed to be 2 out of 7 OFDM symbols and the L1/L2 control channels are not modeled. 
–Table 2 – Case 1 results for Bearer Data (10 MHz carrier)

	# Ues per sector
	SIMO
	4x2 Beamforming

	
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	Gain

(%)
	5%-ile user t-put (Kbps)
	Gain

(%)

	10
	19.325
	507
	21.940
	14%
	674
	33%

	20
	19.710
	302
	21.796
	11%
	376
	25%

	40
	19.898
	155
	21.633
	8.7%
	189
	24%


–Table 3 – Case 3 results for Bearer Data (10 MHz carrier)

	# Ues per sector
	SIMO
	4x2 Beamforming

	
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector throughput (Mbps)
	Gain

(%)
	5%-ile user t-put (Kbps)
	Gain

(%)

	10
	17.290
	414
	19.757
	14%
	567
	37%

	20
	17.808
	210
	19.821
	11%
	284
	35%

	40
	18.309
	105
	19.927
	8.8%
	137
	30%


Table 4 presents results for 5MHz carrier with downlink L1/L2 control channels (scheduling assignment and scheduling grant channels) explicitly modeled as per [5]

 REF _Ref150068322 \r \h 
[6]. The number of sub-carriers available for these control channels is 346 (see Table 8). The reference signal structure for 4 transmit antennas is given in [4]. Beamforming is also applied to UE’s TDM separate coded L1/L2 control channel in the system simulation using the available subcarriers (346) in the first two OFDM symbols. (The ideal case without CCH modeling assumes the same amount of control overhead (2 symbols) for a fair comparison.) As shown in Table 4, the beamforming gain for the 5% user throughput is still maintained when the control channel is explicitly modeled. Although, comparing to SIMO, less number of sub-carriers are available (346 vs. 446) for control channel due to more sub-carriers allotted for reference signal, beamforming improves the control channel and data channel coverage significantly.
Table 4 – Case 3 (5 MHz carrier) results with/without L1/L2 control channel modeling

	# Ues per sector
	SIMO
	4x2 Beamforming

(no CCH modeling)
	4x2 Beamforming

(with CCH modeling)

	
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	Gain

(%)
	5%-ile user t-put (Kbps)
	Gain

(%)

	10
	8.4
	196
	9.7
	267
	9.65
	15%
	266
	35%

	17
	8.6
	120
	9.78
	161
	9.75
	13%
	160
	33%

	25
	8.8
	79
	9.81
	108
	9.77
	11%
	107
	37%

	33
	8.9
	59
	9.83
	80
	9.77
	10%
	80
	38%


3. Conclusion

The simulation results show that the sector throughput is improved by about 9-16% and the cell edge throughput is improved by more than 20% for case 1 and more than 30% for case 3. Therefore, precoding can be used to significantly improve the coverage of the downlink data and control channels, especially in case 3.  It may be noted that for simplicity we used uncorrelated antennas for these first set of results.  Results with correlated antennas and using SCM channel model and non-ideal channel estimation will be submitted in the future meetings.  It may be noted that the performance of precoding can be improved with correlated antennas. 
With non-ideal control channel performance and more reference signal overhead, almost all the gain from beamforming is still obtained with only the first two OFDM symbols used for L1/L2 control signaling (n=2), especially the coverage gain. 

A final caveat is that this contribution is not intended to promote any particular DL closed loop MIMO technique for the data channel, or to suggest that precoding must be applied in the design of the control channel. These are both areas of continued investigation in 3gpp.
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ANNEX A – System Simulation Assumptions

Table 4 – Macro-cell system simulation baseline parameters
Table 5
	Parameter
	Assumption

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

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	TTI size
	0.5 ms

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	UE Receiver Type
	MRC

	OFDM symbols (Data symbols) per subframe
	7 (5) -> overhead ~29%

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link Mapping
	EESM

	Channel Estimation
	Ideal

	CQI/Codeword Feedback Period
	Every 2ms

	Spacing between Antennas
	Uncorrelated


Table 6 – Available subcarriers for L1/L2 Downlink Control Channels for 5MHz carrier

	TX Antenna Cases*
	Available subcarriers for Scheduling Grant/Assignment channels

	2-TX antennas ‘n=1’
	146  (=300 – 1/3x300 (RS) – 36 (UL ACK/NACK) – 18 (TFI))

	4-TX antennas ‘n=1’
	46  (=300 – 4/6x300 (RS) – 36 (UL ACK/NACK) – 18 (TFI))

	2-TX antennas ‘n=2’
	446 (=2x300 – 1/3x300 (RS) – 36 (UL ACK/NACK) – 18 (TFI))

	4-TX antennas ‘n=2’
	346 (=2x300 – 4/6x300 (RS) – 36 (UL ACK/NACK) – 18 (TFI))


* note that ’n=1’ refers to the first OFDM symbols in a TTI and ‘n=2’ refers to first 2 OFDM symbols in TTI
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