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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 the 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 broadcast and 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 is eliminated. In [5] we presented the system performance of the Unicast/MBMS superposition and Interference Cancellation scheme while the link performance is provided in [4]. In this contribution, we provide additional system simulations results by considering different power ratios between MBMS and unicast traffic.
2 Unicast/MBMS Superposition and Interference Cancellation

In the case of time or frequency multiplexing of Unicast and MBMS, orthogonal resources need to be allocated to the two traffic types.  However, with Unicast/MBMS superposition approach, the same time-frequency resources are used for simultaneous transmission of Unicast and MBMS traffic as shown in Figure 1. The proposed approach superimposes the broadcast signal over the unicast traffic and cancels the broadcast signal before unicast demodulation and decoding. Using this technique, the broadcast interference to unicast traffic from own cell and neighbouring cells can be eliminated thus improving the overall system capacity and efficiency. In a single frequency network (SFN) based MBMS transmission, interference from all the cells in a broadcast zone is cancelled in a single-step by cancellation of the composite received MBMS signal. The composite received signal is reconstructed for cancellation purpose by using the composite channel estimates based on MBMS reference signal. The broadcast signal uses excess unicast power available in interference limited situation for SFN operation therefore converting the unused power into useful capacity.  

The MBMS/Unicast superposition and interference cancellation approach can be viewed in two different ways:

· The MBMS signal is transmitted over the unicast resources without affecting unicast performance while allowing for additional “free” capacity for MBMS.

· Additional unicast traffic can be transmitted in parallel with MBMS on resources reserved for MBMS. A significant unicast capacity advantage can be obtained with little or negligible reduction in MBMS capacity.

It should be noted that UEs receiving only MBMS traffic need not be aware of if unicast traffic is transmitted on the same resources or not because MBMS simply assumes unicast transmission as background interference. In this regard, unicast traffic can also be transmitted in parallel with MBMS on a MBMS separate carrier if such an approach is employed. The scheme also allows to schedule only interference cancellation capable UEs in superposition with MBMS. The UEs that are not capable of interference cancellation can be scheduled on orthogonal resources to those used for MBMS.
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Figure 1: Unicast and MBMS Multiplexing approaches
We consider two schemes in the System simulations as shown in Figure 2 and Figure 3. The first scheme shown in Figure 2 employs a single-stream transmission for both the MBMS and the unicast traffic. The scheme shown in Figure 3 uses a single-stream transmission for the MBMS traffic while two-stream MIMO transmission is considered for the unicast traffic. In the link simulations in [4], we also assumed a third scheme where we employ 2-streams transmission for both the MBMS and the unicast traffic.
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Figure 2 Scheme A: Single-stream for both Unicast and MBMS 
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Figure 3 Scheme B:  Two-streams for Unicast and a single stream for 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 simulation parameters is given in Table 1 below. We believe that for small cells where the inter site distance is only 500m, a short CP should be sufficient.  In [4] we showed the pilot structure used that is required to support both MBMS and unicast MIMO channel estimation. Therefore we need 2 OFDM symbols dedicated to Pilots, as well as one OFDM symbol for control channels. This means that we have 4 out of 7 symbols for data. The spectral efficiency is therefore scaled by: 600 subcarriers x 4 OFDM symbols / 0.5ms / 10MHz = 0.48. 
For example, if we transmitted an MBMS signal of QAM16 with a rate ½ code, then the spectral efficiency would be
4 bits x ½ bits_per_symbol x 600 sub carriers x 4 symbols  / (0.5x10-3seconds) / (10x106 Hz) = 0.96 bps/Hz. 
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
	QAM16 with rate 1/2 & 2/3 channel codes
QAM64 with rate 1/2 & 2/3 & 4/5  channel codes

	Receiver functions
	Ideal channel estimation, Ideal SIC

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	Number of OFDM symbols per subframe
	4 (data) + 2 (pilot) +1 (control)

	Pilot & control overhead
Total Overhead Including CP
	3/7=42.8%
52%

	CP
	Short

	RB size
	25 tones, 1 sub-frame

	Base Line
	1x2 LTE

	Broadcast to Unicast Power Ratios (Pb/Pu)
	10dB, 13dB, 16dB, 20dB

	Simulation Scenario
	Case 1 in TR 25.814

	Number of UE’s per sector
	10

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

	Unicast Target PER
	10 %

	Carrier Frequency 
	2 GHz

	Channel model
	SCM

	UE speed
	3km/h

	Receiver Max SINR
	20dB

	CQI delay 
	3 TTI (3km/hr)


2.2 System Simulation Results

The baseline and 2x2 MIMO simulation results are summarised in Table 2 and Table 3 respectively. We show the total throughput (in bps/Hz) for different Pb/Pu ratio’s for different MBMS MCS levels. The MBMS MCS levels shown are for the cases which have acceptable coverage criteria where at least 95% of the area maintains at least 1% FER. The FER curves for different MCS levels for MBMS and Pb/Pu ratios are shown in Figure 4. The Fairness curves and CDF of user throughput are shown in Figure 5 and Figure 6 respectively for the baseline case to show that the cell edge users are not adversely affected. The Fairness curves and CDF of user throughput for the 2x2 MIMO case are shown in Figure 7 and Figure 8.
The Geometry distribution of the SFN MBMS channel is shown in Figure 12,where  we can see that for almost  100% of the time the SNR>18dB, and therefore it will be easy to support the highest MCS level of QAM64 with a rate 4/5 code, since this requires only an SNR =17.3dB according to our link simulations. 
Table 2 Summary of  Baseline System Throughput (THP) in bps/Hz

	MBMS MCS
	NA
	QAM16, 1/2
	QAM16, 2/3
	QAM64, 1/2
	QAM64, 2/3
	QAM64, 4/5

	MBMS THP
	0
	0.96
	1.28
	1.44
	1.92
	2.30

	Pb/Pu (dB)
	-infinity
	10
	13
	16
	20
	+infinity

	Unicast THP
	1.28
	1.28
	1.28
	1.24
	1.21
	0

	Total THP
	1.28
	2.24
	2.56
	2.68
	3.13
	2.30


Table 3 Summary of MIMO System Throughput (THP) in bps/Hz
	MBMS MCS
	NA
	QAM16, 1/2
	QAM16, 2/3
	QAM64, 1/2
	QAM64, 2/3
	QAM64, 4/5

	MBMS THP
	0
	0.96
	1.28
	1.44
	1.92
	2.30

	Pb/Pu (dB)
	-infinity
	10
	13
	16
	20
	+infinity

	Unicast THP
	1.53
	1.53
	1.50
	1.44
	1.39
	0

	Total THP
	1.53
	2.49
	2.78
	2.88
	3.31
	2.30
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Figure 4 CDF of MBMS FER's with various Pb/Pu ratio’s as shown
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Figure 5 Baseline Fairness Curve
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Figure 6 Baseline Cell Edge User Throughput (bps/Hz)
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Figure 7 MIMO Fairness Curves with different Pb/Pu ratios
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Figure 8 MIMO Unicast User THP in (bps/Hz) for different Pb/Pu ratios
3 Summary
The system simulation results are presented to demonstrate the gains from Unicast/MBMS superposition and interference cancellation approach. We noted that the proposed approach could provide significant performance improvements in LTE system throughput when a given network carries both unicast and MBMS traffic:
· An additional 1.28 b/s/Hz spectral efficiency (from Table 2, QAM16, 2/3), can be provided for the cell when MBMS signal is superimposed on unicast resources. This meets and exceeds the LTE MBMS spectral efficiency requirement of 1.0 b/s/Hz without requiring an additional separate resources for MBMS.  This can be seen as MBMS traffic is carried for “free” meeting the LTE target.

· The gains from the Unicast/MBMS superposition approach are dependent upon the fraction of the resources allocated for unicast and MBMS. For example, if a given network only carriers either unicast or MBMS but not both, then there are no improvements possible because unicast and MBMS cannot be superimposed.

· Assuming 10MHz bandwidth is allocated for each of MBMS and Unicast traffic with a total of 20MHz bandwidth. With the superposition approach, MBMS and Unicast can be combined and carried over the total shared 20MHz bandwidth. In this case, further 2X system throughput improvement (on top of the improvements achieved by using other techniques) for unicast is achieved while at the same time slightly improving the MBMS throughout as shown in Figure 9, (where the unicast was 12.8Mbps before, and now is 25.6Mbps after superposition). For example, if unicast system throughput improvement with LTE is 3X over Release 6 HSDPA, the Unicast/MBMS superposition makes the total improvement as 6X in this case.
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Figure 9 Unicast/MBMS Superpostion and Cancellation Gains
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Appendix A: Geometry Distributions

The effect of superposing MBMS on Unicast, has a similar effect to the unicast as if the penetration loss for unicast has increased. This is due to the fact that the total power is shared between unicast and MBMS. When MBMS uses some power, the available transmit power for unicast is reduced. Therefore, in order to explain the results we need to look at the Unicast and SFN Geometries.  In Figure 10 we can see that for Case 1 (and consequently, also for Case 2) the effect of the additional penetration loss of 13 dB has no effect on the unicast geometry distribution, and that an additional penetration loss of 20dB has a small effect. This means that we can superimpose an MBMS signal 13dB on top of a Unicast signal with no loss, and at 20dB with a little loss. When we consider that typical receivers can only process a limited amount of power at it’s input port due to a limited dynamic range of the ADC and due to the EVM capabilities of amplifiers. Therefore, realistic receivers are typically modelled as having a maximum receive SNR. This is modelled as:

1/SNR_Rx = 1/SNR_Max + 1/SNR_Measured.

Due to the very high Measured SNR’s in SFN the effect of SNR_Max becomes dominant. We will recalculate the previous  geometry and FER’s using an SNR_Max=20dB. In Figure 13 & Figure 14 can see that the geometry has changed quite a lot compared to Figure 12. However the geometry is still very high and we can accommodate the highest MBMS MCS level of QAM64 (4/5) quite easily since this requires only an SNR=17.3dB for at least 95% of the time.
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Figure 10 Unicast Geometry (No Rayleigh fading) for with different Penetration Loss values
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Figure 11 A Zoomed version of the Geometry Above
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Figure 12 Geometry (including Rayleigh fading) of the SFN network (Case 1)

[image: image13.png]CDF

Geometry CDF of SFN network with Max SNR Receiver=20d8, 1SD=500m

LEIS

LES

07k

06

05

04

03t

02t

01t

i
12

3
Geornetry (4E)

18

Eil




Figure 13 Geometry CDF with Receiver Max SNR=20dB (Case 1)
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Figure 14 A Zoomed version of the previous Figure
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