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1 Introduction
The E-UTRA system targets spectral efficiency improvements for both the unicast and the broadcast traffic. In particular, the target for spectrum efficiency improvement for unicast is 3 to 4 times Release 6 HSDPA while the spectrum efficiency target for MBMS is 1b/s/Hz [1]. The conclusion from TSG RAN June 2006 meeting regarding way forward on LTE was that additional techniques to improve DL performance towards top-end targets could be considered in RAN1. In [3], we proposed an approach that superimposes the broadcast signal over the unicast traffic and cancels the broadcast signal before unicast demodulation and decoding. Using this technique, the SFN broadcast interference to unicast traffic from own cell and neighbouring cells can be eliminated. In this contribution, we present system performance of the Unicast/MBMS superposition and Interference Cancellation scheme. The link performance is provided in [4].
2 System Simulations 
The Unicast/MBMS superposition and interference cancellation scheme is described in detail in [3], and link simulation results are presented in [4]. We consider two schemes in the system simulations as shown in Figure 1 through Figure 2. The first scheme shown in Figure 1 employs a single-stream transmission for both the MBMS and the unicast traffic. In the second scheme shown in Figure 2, we employ 2-streams transmission for each of the MBMS and the unicast traffic.
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Figure 1 Single-stream for both Unicast and MBMS 
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Figure 2 Two-streams for both Unicast and MBMS
2.1 Simulation Assumptions

We simulated the following two cases.

1. An LTE Baseline case of  1 Node B transmit antenna and each UE having 2 receive antennas

2. A PARC type Unicast scheme where the Node B has 2 transmit antennas and each UE having 2 receive antennas with full MCS selection and rank adaptation on the unicast traffic.

The detailed system parameters are provided in Table 1 below.
Table 1 System Simulation Assumptions
	Parameter
	Value

	Unicast DL Modulation
	QPSK, 16-QAM, 64 QAM

	Coding for Unicast 
	Turbo, 1/3, ½, 2/3, ¾, 4/5

	Broadcast MCS
	1x2: 16-QAM with rate 1/2 code rate
2x2: QPSK with 2/3 code rate

	Receiver functions
	Ideal channel estimation, Ideal SIC

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	MIMO Receiver
	2x2 PARC (MMSE+SIC)

	Number of OFDM symbols per subframe
	5 (data) + 2 (pilot) 

	RB size
	25 tones, 1 sub-frame

	Base Line
	1x2 LTE

	Broadcast to Unicast Power Ratio
	10dB

	Simulation Scenario
	Case 1  TR 25.814

	Number of UE’s per sector
	10

	Unicast HARQ
	Symbol-level Chase Combing/  Max. RTX. =6

	Target PER
	10 %

	Carrier Frequency 
	2 GHz

	Channel model
	SCM

	Antenna Configuration
	10 wavelength spacing

	UE speed
	3km/h

	Precoding
	Unitary

	CQI delay 
	3 TTI (3km/hr)

	Control Channel Overhead
	29%


2.2 System Simulation Results

The simulation results are summarised in Table 2. The results are for spectral efficiency of sector throughput in bps/Hz. Note that the addition (superposition) of the broadcast signal on top of the unicast signal does not have any significant impact on the unicast spectral efficiency. Therefore, we can say that we effectively get the MBMS spectral efficiency for “free”. In Figure 3 and Figure 4 we show that the cell edge user throughput and fairness is not impacted by the broadcast superposition. It should be noted that when MBMS to unicast power ratio of 10dB is used and MBMS signal is cancelled before unicast decoding, this just appears like additional 10dB lower transmit power (or 10dB pathloss) for the unicast traffic. In interference-limited situations, this additional pathloss has no impact on unicast performance. Note however, that with Unicast/MBMS superposition, the MBMS signal needs to be decoded and cancelled first before any unicast can be decoded. Therefore, it is very important that the broadcast FER is very low. We show the FER for different MCS selections on the broadcast channel in Figure 5. In Table 2 we show that this is indeed the case for both the schemes considered where the broadcast FER is less than 1% for QAM16 with ½ coding for 1x2 scheme and QPSK with 2/3 coding for 2x2 scheme.   
Table 2 System Troughput (THP) Results in bps/Hz for Case 1
	
	Unicast THP
	Broadcast THP
	Total
	5% User THP

	Base Line w/o MBMS Superposition
	1.90
	0
	1.90
	0.0667

	Base Line with MBMS Superposition
	1.89
	2
	3.89
	0.0677

	PARC w/o MBMS Superposition
	2.17
	0
	2.17
	0.0708

	PARC with MBMS Superposition
	2.16
	2.66
	4.82
	0.0690


[image: image3.png]CDF

05

04

03

02

01

Unicast Throughput in bpsfHz

s

Base
Base with BC

——PARC
——— PARCwith BC |

002

008

[X] 012
User throughput (spsiHz)




Figure 3 CDF of Unicast User Throughput
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Figure 4 Fairness Curve for Unicast user throughput
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Figure 5 CDF of FER for the 1x2 and 2x2 Schemes, where the MBMS MCS level is shown
3 Summary
We performed system simulations to determine the spectral efficiency improvement by Unicast/MBMS superposition and interference cancellation. We have shown that it is possible to significantly increase the overall sector throughput and system spectral efficiency. In particular, we noted that for simulation Case-1, 2b/s/Hz spectral efficiency for MBMS in the 1x2 system can be achieved without impacting the performance of the unicast traffic. 
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