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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 [2] was that additional techniques to improve DL performance towards top-end targets could be considered in RAN1. In [3], we proposed Unicast/MBMS Superposition and Cancellation approach whereby the broadcast traffic is superimposed over the unicast traffic using the same time-frequency resources. At the UE, the broadcast signal is cancelled before unicast demodulation and decoding. Using this technique, the single-frequency network (SFN) broadcast interference to unicast traffic from own cell and neighboring cells is eliminated improving the overall system capacity and efficiency. The system performance for the Unicast/MBMS superposition and Interference Cancellation scheme is provided in [4] and [5]. Also, we provided the link performance results assuming noisy channel estimates in [6].  In this contribution, we present link performance of the Unicast/MBMS superposition and Interference Cancellation scheme assuming realistic channel estimation.
2 Unicast/MBMS Superposition and Interference Cancellation
We consider three schemes in the link simulations as shown in Figure 1 through Figure 3. The first scheme shown in Figure 1 employs a single-stream transmission for both the MBMS and the unicast traffic. The scheme shown in Figure 2 uses a single-stream transmission for the MBMS traffic while two-stream MIMO transmission is considered for the unicast traffic. In the third scheme shown in Figure 3, we employ 2-streams transmission for both the MBMS and the unicast traffic.
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Figure 1 Scheme A: Single-stream for both Unicast and MBMS 
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Figure 2 Scheme B:  Two-streams for Unicast and a single stream for MBMS
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Figure 3 SchemeC: Two-streams for both Unicast and MBMS
3 Link Performance
3.1 Simulation Assumptions

The link parameters are provided in Table 1. We consider up to 2x2 MIMO for both MBMS and unicast. We used an MMSE-SIC Receiver shown in Figure 4. The MIMO Pre-coding consists of a fixed Fourier-based pre-coding matrix. Furthermore, we assume a localized transmissions consisting of eight consecutive resource blocks. The Hybrid ARQ for unicast is based on simple Chase combining. The MCS for unicast is selected based on effective SINR and AWGN curve look-up. The MCS for MBMS is fixed as QPSK 2/3 coding rate which provides a spectral efficiency of 1.33 b/s/Hz for the single-stream transmission and 2.66 b/s/Hz for the two-stream MIMO transmission case. It should be noted that it may be possible to support even a higher data rate using, for example using 16-QAM modulation, for MBMS in Unicast/MBMS superposition scheme under the assumption of 10dB power ratio (Pb/Pu) between MBMS and unicast traffic. 
Table 1 Link Simulation Assumptions
	Parameter
	Value

	DL Modulation
	QPSK, 16-QAM,

	Coding for data channel
	Turbo, ½, 2/3, 4/5

	Non-ideal receiver functions
	Ideal and real channel estimates(MMSE-based)see [6 ]

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	Short

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

	RB size
	25 tones, 1 sub-frame

	Block size
	FEC block fills up 8 resource blocks.

	Turbo-Decoding
	Max-Log, 8 iteration

	HARQ
	Symbol-level Chase Combing/ Maxi Re-trans. =3

	Target PER
	1 %

	MCS selection
	Dynamic based on CQI feedback

	Carrier Frequency 
	2 GHz

	Channel model
	SCM for Unicast
Composite channel consisting of a set of 3-SCM channels for MBMS

	Antenna Configuration
	10 wavelength spacing

	UE speed
	3km/h

	Precoding
	Unitary

	CQI delay 
	10 TTI (3km/hr)

	Broadcast to unicast power ratio (Pb/Pu)
	10dB

	Receiver
	Jointly MMSE and ordered SIC 


The joint MMSE-SIC MIMO receiver operation for the case of multi-stream transmission for both unicast and MBMS is shown in Figure 4. It should be noted that a total of three interference cancellation operations are required in this case. In case of single-stream MBMS transmission and 2-stream unicast transmission, two cancellation operations are performed. In case of single-stream transmission for both unicast and MBMS, a single interference cancellation operation is performed. It should be noted that even when multiple interference cancellation operations are performed, the buffering required for cancellation purpose is unchanged.
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Figure 4: Joint MMSE-SIC MIMO Receiver operation

3.2 Link Simulation Results

In all the link results, we provide link spectral efficiency [bps/Hz] as a function of unicast SNR. We also assumed a 10dB power ratio (Pb/Pu) between MBMS and unicast traffic. The SINR seen for the MBMS in the link simulations can be written as:
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It should be noted that this is a conservative SINR estimate for the MBMS traffic. For example, when unicast SNR is 0.0dB, the SINR for MBMS is only 7dB assuming 10dB power ratio (Pb/Pu) between MBMS and unicast traffic. However, we know that in a system level, with 10dB power ratio (Pb/Pu) between MBMS and unicast traffic, the MBMS SINR will be close to 10dB (=Pb/Pu) [3].
3.2.1 Link Performance with Ideal Channel Estimation

The link performance results showing spectral efficiency for MBMS and unicast as a function of unicast SNR are provided in Figure 5 through Figure 7. The MCS for MBMS is fixed as QPSK 2/3 coding rate which provides a spectral efficiency of 1.33 b/s/Hz for the single-stream transmission and 2.66 b/s/Hz for the two-stream MIMO transmission case. It should be pointed out that with Pb/Pu power ratio of 10dB assumed in the simulations; the maximum SINR for MBMS is limited to 10dB. It can be noted that unicast performance is unaffected when MBMS signal is superimposed over unicast and cancelled before unicast decoding. It should also be noted that the MCS for MBMS is fixed to account for the worse users even when the unicast SNR increases. The goal with these curves as a function of unicast SNR is to show the impact of broadcast superposition on unicast users at different locations (and hence with different channel conditions) in the cell. A unicast user at 15dB receives broadcast at a very high SNR but the data rate (MCS) for the MBMS is still targeted for the weak user.
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Figure 5 Scheme A Link Performance 
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Figure 6 Scheme B Link Performance 
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Figure 7 Scheme C Link Performance
3.3 Link Performance with Realistic Channel Estimation
3.3.1 Reference Signal Structure

An example of reference signal transmission for the case of two transmit antennas for both Unicast and MBMS is shown in Figure 8. We assumed this reference signal structure for link simulations with realistic channel estimation. The unicast pilots from each transmit antenna use every 6th subcarrier while the broadcast pilot from each transmit antenna uses every 3rd subcarrier. In general, a higher density in the frequency domain is required for the broadcast traffic due to relatively larger delay spread and frequency selectivity experienced in an SFN operation.  The unicast and broadcast traffic is superimposed and uses the same set of subcarriers.
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Figure 8: An example of reference signal structure for 2 Transmit Antennas case for Unicast and MBMS
3.3.2 Link Performance with Realistic CE
In this section, we provide link performance with realistic channel estimation. Since the reference signal structure for multi-cell MBMS is not yet finalized in RAN1 we provide results assuming the MBMS reference signal structure shown in Figure 8. It should be noted that since MBMS to unicast power ratio of 10dB is assumed in the simulations, the reference signal power for MBMS is assumed to be 10dB better than the unicast reference signal. Moreover, we assumed further boosting of the MBMS reference signal power relative to the MBMS traffic power. In reality there is going to be a default SNR “boost” for the broadcast pilot. This is due to the fact that broadcast pilot is orthogonal to both unicast traffic and unicast pilot i.e. no superposition for broadcast pilot. While the SINR for broadcast traffic is limited by Pb/Pu, the SINR for broadcast pilot is only limited by the background noise. However, in link simulations, we have to artificially boost the pilot to mimic this effect. The channel estimation error affects both MBMS and unicast demodulation and decoding performance. Also, the channel estimates affect the interference cancellation of the MBMS signal because the MBMS signal is reconstructed based on the noisy channel estimates obtained from realistic channel estimation. Both of these effects are captured in the link simulations. The details on channel estimation algorithm are described in the Appendix.
The link performance with realistic channel estimation for schemes A, B and C are shown in Figure 9 to Figure 17. It can be noted that there is slight degradation in unicast performance due to imperfect cancellation of the MBMS signal resulting from the realistic channel estimates. This degradation can be overcome by MBMS reference signal boosting. We noted that significant overall performance improvements are observed in this case as well.
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Figure 9 Scheme A Link Performance w/ channel estimation error and w/o broadcast pilot power bossting 
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Figure 10 Scheme B Link Performance w/ channel estimation error and w/o broadcast pilot power bossting
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Figure 11 Scheme C Link Performance w/ channel estimation error and w/o broadcast pilot power bossting
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Figure 12 Scheme A Link Performance w/ channel estimation error and w/ 5dB broadcast pilot power bossting
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Figure 13 Scheme B Link Performance w/ channel estimation error and w/ 5dB broadcast pilot power bossting
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Figure 14 Scheme C Link Performance w/ channel estimation error and w/ 5dB broadcast pilot power bossting
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Figure 15 Scheme A Link Performance w/ channel estimation error and w/ 10dB broadcast pilot power bossting
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Figure 16 Scheme B Link Performance w/ channel estimation error and w/ 10dB broadcast pilot power bossting
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Figure 17 Scheme C Link Performance w/ channel estimation error and w/ 10dB broadcast pilot power bossting
4 Summary
We presented link performance of the Unicast/MBMS superposition and interference cancellation scheme for improving downlink spectral efficiency of the LTE system. The following observations can be made from the link simulations:

· Significant performance improvements are possible in LTE system spectral efficiency by employing Unicast/MBMS superposition and interference cancellation approach. 

· Under the assumption of ideal channel estimates, unicast performance is unaffected when MBMS signal is superimposed over unicast signal and cancelled before unicast decoding. This is true for both the single stream transmission for MBMS and unicast and also multi-layer MIMO transmissions.
· Under realistic channel estimates, there is slight degradation in unicast performance due to imperfect cancellation of the MBMS signal. This degradation is overcome by MBMS reference signal boosting. We noted that significant overall performance improvements are possible in this case as well.
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Appendix
Channel Estimation Algorithm

[image: image21.wmf]Z

B

B

B

C

h

H

H

h

~

)

(

ˆ

1

1

2

×

+

×

=

-

-

s

In this contribution, we employ MMSE pilot-aided based channel estimation in our link simulation. The vector form of signal model for compensated pilot symbol after DFT operation at receivers can be expressed as
where w is the white Gaussian noise, h is the channel response, and B is a matrix of transformation and can be expressed as follows

             [image: image19.emf]
where N is the size of FFT, L is the CP length. The estimated channel response with MMSE criterion can be written as
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where the covariance channel matrix is defined as

                                              [image: image20.emf]
The frequency domain of channel response is simply by applying FFT operation to the estimated channel response.

For more detail, please see [7].
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