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1
Introduction
In this contribution, we present the system performance for UL SC-FDMA with spatial division multiplex access (SDMA). These results are with full buffer traffic models. 
2
Simulation Setup in E-UTRA UL
In the simulation we focus on TU channel model.  Its channel delay and power profiles are given in Table 1.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10

	Delay (ns)
	0
	200
	500
	1600
	2300
	5000


Table 1

Delay and Power Profile

The considered deployment scenarios are listed in Table 2.

	Scenario
	Carrier Frequency

(GHz)
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

R in Km

	D1
	2 
	500
	20
	3
	L = 128.1 + 37.6 Log10®

	D2
	2 
	500
	10
	30
	L = 128.1 + 37.6 Log10®

	D3
	2 
	1732
	20
	3
	L = 128.1 + 37.6 Log10®

	D4
	0.9
	1000
	10
	3
	L = 120.9 + 37.6 Log10®


Table 2

Deployment Scenarios

The overall system configuration has been set as shown in Table 3. 

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

	Traffic model
	Full buffer

	#UE per cell
	20

	Max UE Tx Power
	21 dBm

	# of Tx ant. at UE
	1

	# of Rx ant. at Node-B
	2

	Channel update
	per sub-frame

	TTI
	0.5 ms

	Control overhead 
	2 symbols out of 7

	Duration
	20 s + 2 s warm-up

	HARQ
	Max. # of Txs = 3

# of HARQ processes = 6

Retransmission delay = 3ms

Ack/Nack errors = 0%
Re-transmissions are  synchronous with the same RB and TF allocation

	Intra-cell power control
	Once every 10ms [1]



	Inter-cell power control
	Once every 10ms [1]



	Scheduling process
	Decentralized Node-B scheduler with 1 serving cell per UE = best DL. No macro diveristy.

	Scheduling algorithm
	[1]

	Scheduling delays
	DL Scheduling Period

0.5 ms

DL Grant delay

2 sub-frames

Uplink SI delay

1 sub-frame

Uplink SI frequency

Once every 10ms



	Data associated UL control signalling
	No data associated UL control signalling is assumed. UE obeys the BW and TF allocation sent down from Node-B. PSD offset and Tx PSD are adjusted accordingly when UE reaches the max. Tx power.

	Decoding
	AWGN link level curves with EESNR mapping [2] together with corresponding payload size penalty [1]. 

	Channel Estimation
	Realistic [1]


Table 3: System configuration
3
Simulation Results
In Table 4, we show the system performance in terms of mean operating IoT, average cell throughput and the 5% edge UE throughput. 
	Link Budget
	Mean IoT (dB)
	Spectral Efficiency

(b/s/Hz) -- SIMO
	Spectral Efficiency

(b/s/Hz) -- SDMA
	Percentage Gain (%)
	5% Spectral Efficiency

(b/s/Hz) -- SIMO
	5% Spectral Efficiency

(b/s/Hz) -- SDMA

	D1
	4.4
	0.67
	0.73
	9
	0.008
	0.009

	
	6.8
	0.70
	0.83
	18
	0.009
	0.01

	D2
	4.4
	0.67
	0.73
	9
	0.008
	0.008

	
	6.8
	0.71
	0.84
	18
	0.01
	0.011

	D3
	4.6
	0.44
	0.69
	57
	0.002
	0.002

	D4
	4.4
	0.66
	0.72
	9
	0.008
	0.009

	
	6.8
	0.71
	0.83
	17
	0.009
	0.01


Table 4

System throughput with 0.5ms TTI
It is noted from Table 4 that in micro-cell scenarios, if the operating IoT is low (4.4dB) the SDMA gain over SIMO is not significant (<10%). This is due to the fact that with SDMA the scheduler tends to schedule more UEs simultaneously hence the IoT is increased; in order to maintain the same operating point the UEs will be asked to reduce their transmit PSD. When the IoT operating point is allowed to be higher (6.8dB), more significant SDMA gain can be observed. With a larger ISD in D3, the SDMA gain is much more noticeable even at a lower IoT.
The fairness curves are listed in the Appendix A. The fairness is defined as the CDF of the UE spectral efficiency. Note that the throughput improvement of SDMA over SIMO is achieved while maintaining similar fairness.
4
Summary

In this document, we present the E-UTRA UL simulation results with SDMA in different deployment scenarios. It is shown that the SDMA gain is a function of the IoT operating point in micro-cell scenarios; while significant SDMA gain can be seen even at low IoT with a larger ISD deployment scenario.
5
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Appendix A: Fairness plots
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Figure 1  Fairness Plot with D1 – 20UEs per cell
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Figure 2  Fairness Plot with D2 – 20UEs per cell

[image: image3.emf]Fairness -- D3,  20UEs per cell
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Figure 3  Fairness Plot with D3 – 20UEs per cell
[image: image4.emf]Fairness -- D4, 20UEs per cell
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Figure 4  Fairness Plot with D4 – 20UEs per cell

Appendix B: Description of Sub-band Scheduling and SDMA
In simulation the following assumptions are made:

· Reference channel for intra-cell PC is CQICH which is sent once every 2ms
· No SDMA among CQICHs

· Orthogonal broadband pilots (sent once every 2ms) are used for channel sounding to enable sub-band scheduling and SDMA UE pairing

B.1

Scheduling procedure
· Prioritize UEs according to proportional fair scheduler

· Schedule all top priority UEs until all RBs are filled up

· These top priority UEs are assumed to be SIC UEs (primary UEs), i.e., if there are other UEs scheduled on the same RBs, they will be decoded later so that they are almost intra-cell interference free

· In simulation perfect interference cancellation is assumed

· This interference free assumption enables sub-band scheduling by utilizing broadband pilots, same as SIMO [1]

· MCS selection and bandwidth allocation are based on received CQICH and the reported PSD delta

· For the secondary UEs pair them with the primary UEs
· For a particular primary UE only consider those secondary UEs whose supportable bandwidth is no less than the assigned bandwidth for itself
· Pairing is based on maximization of open-loop capacity of 2 pairing UEs [B.2]
· MCS selection for companion UEs is based on MMSE/SIC  receiver [B.2]
· Only consider those secondary UEs whose path-loss difference between serving cell and the strongest neighboring cell is more than a threshold as the candidate companion UEs

· The purpose is to minimize the IoT increase with UE pairing
· The threshold is set as 10dB in the simulation
· Lower initial target BLER for companion UEs to insure the termination point is similar for UEs in the pair 
B.2

Criteria on UE pairing and MCS selection for companion UEs
B.2.1
UE pairing
Here we provide a way to pair UEs on the same RBs. We will use the following notation:

Nu: number of scheduled users on the same RBs
Nr: number of receive antennas at the Node B

Nt: number of the transmit antennas at the UE

Suppose the scheduler picks Nu users transmitted on the same sub-band. The total received signal would be:
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where k is the index of frequency tone in the selected sub-band, Pi is the transmitted power from the ith UE, and 
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is the vector frequency response of the channel for Nr antennas. In the current simulation, 
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is obtained from the broadband pilot. The transmitted power Pi is determined from the reference signal level and PSD offset which is dictated by the inter-cell power control. 

If we write the channel matrix from all Nu UEs as
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The way to pick the UEs on the same RB is to maximize the open-loop capacity:
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where 
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B.2.2 
MCS selection
One of the design challenges associated with SDMA is the rate determination. In an orthogonal system, the scheduler can decide on the data rate from its reference power level, PSD offset and the buffer status. In SDMA operations, the scheduler cannot determine the data rate simply using the information mentioned above as the other UEs could inject interference if they are scheduled on the same RBs. Therefore, more careful rate selection algorithm needs to be designed. 
Let us first briefly review the rate determination for the SIMO case. The reference signal (CQI channel) is closed-loop power controlled to the desired level to provide a reference for traffic channel power control. Traffic is power controlled to the maximum allowed PSD while maintaining a tolerable inter-cell interference level. The traffic channel PSD can be specified as a PSD offset in addition to the reference level P0. Once this PSD is determined, the data rate can be selected according to the traffic channel SNR. 
On the other hand, for SDMA operations, the scheduler cannot decide on the traffic channel PSD from the reference level as there maybe interference from other UEs in the same cell. In order to determine the data rate the scheduler would have to take the interfering UE into account.
In simulation the MMSE receiver is assumed for the first decoded UE. The MMSE weights for the first UE is given by 
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And one can easily derive the SNR for this UE as
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The SNR for later decoded UEs assuming perfect cancellation is: 
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where E is the set of those UEs which are already decoded successfully.

Once traffic SNR is determined the scheduler can decide on the MCS as described with SIMO. 
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