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1.
Introduction

A work item proposal on MBMS FDD physical layer enhancements was approved in principle at RAN #34 [1]. The proposed enhancements are based on transmitting the MBMS service on a DL only carrier using a single frequency network (SFN) concept [2]. It has been shown that the attainable data rates can be greatly increased using a SFN operation for MBMS. However, UE receiver performance supporting a SFN operation is necessary in order to take full advantage of the attainable data rates.
In this contribution, we show some performance results of MBMS FDD transmission using SFN with LMMSE equalizer, and provide some suggestions on specifying the UE receiver performance requirements to support a SFN operation.
2.
Discussions
The basic idea of a SFN operation is to transmit the MBMS contents simultaneously from multiple cells within the network using identical waveforms.  This means that the MBMS contents are transmitted using the same scrambling code and spreading code across multiple cells, instead of using cell-specific scrambling and spreading codes.  In this way the signals from different cells can be viewed as different multi-path components of the same signal, and thus advanced UE receiver can be used to collect all the signal energy and suppress the multi-path interference. Consequently, the resultant SNR at the receiver, and hence the attainable data rates of the system, can be improved.
In the figures below, we show some performance results on outage probability Vs S-CPCCH Ec/Ior using the 256 kbps and 128 kbps MTCHs specified in [3]. The results with 3 RLs and 7 RLs in a SFN operation and LMMSE chip-level equalizer are provided. The results using a Rake receiver with 3 RLs soft combining are also provided for reference. The outage probability is the percentage of received frames with BLER > 1% averaged over fadings and UE locations. Here “average over fadings” means that the number of frames is large enough to cover the different realizations of fast fading a UE can experience given a specific location, and “average over UE location” means that the results are based on the CDF of average received SIR of all UEs at various locations.
At the link-level, we used the parameters for the MTCH demodulation tests 2 and 3, as specified in Table 11.3, A.32 and A.33 of [3]. Here we assumed ideal channel estimation and sufficient LMMSE equalizer length to cover the time dispersion of the channel due to the delay spread, propagation delay difference and non-perfect transmission synchronization during soft combining. The link level parameters are summarized in Table A.1 in the Annex.
At the system-level, we considered a network layout of 12-cell (36 sectors) cloverleaf with wrap-around. The inter-site distance is 2.5 km. The pathloss model is the modified Hata urban model (COST 231), which is 133.6 + 35 * log10(d_km). The building penetration loss is 10 dB. The standard deviation of log-normal fading is 8.9 dB. The maximum BS transmit power is 43 dBm. And the UE noise figure is 10 dB. The system level parameters are summarized in Table A.2 in the Annex.
The results for 256 kbps MTCH with 1and 2 receive antennas are shown in Figures 1 and 2, respectively. It can be seen Figure 1 that using a SFN operation with 3 RLs and 7 RLs and LMMSE equalizer can achieve around 1 dB and 4 dB, respectively, power gains compared to using a Rake receiver with 3 RLs soft combining. And it can be seen in Figure 2 that the resultant gains are larger with 2 receive antennas.
Figures 3 and 4 show the results for 128 kbps MTCH with 1and 2 receive antennas, respectively. Again it can be seen a SFN operation can achieve around 1 dB and 4 dB power gains with 3 RLs and 7 RLs, respectively. Also the resultant gains are larger with 2 receive antennas.
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Figure 1: Performance results for 256 kbps MTCH with 1 receive antenna
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Figure 2: Performance results for 256 kbps MTCH with 2 receive antennas
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Figure 3: Performance results for 128 kbps MTCH with 1 receive antenna
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Figure 4: Performance results for 128 kbps MTCH with 2 receive antennas
3.
Conclusions

In this contribution, we have shown that significant improvements can be achieved for MBMS service using a SFN operation with LMMSE equalizer in the UE receiver. Hence we propose to specify the UE performance requirements supporting a SFN MBMS operation based on a receiver structure using LMMSE chip-level equalizer with 1 and 2 receiver antennas (i.e. enhanced performance requirements type 2 and type 3 in [3]).
To facilitate timely specification of the UE performance requirements, we also propose that the agreed simulation assumptions in [4] and [5] for enhanced performance requirements type 2 and type 3, respectively, should be largely reused. However, the equalizer length is a serious issue when inter-site distance increases and we want to combine more RLs. Thus we should carefully review the equalizer length to sufficiently cover the expected delay spread in the likely deployment scenarios, at the same time maintaining reasonable complexity for the UE receiver.
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Annex

Table A.1: Link level assumptions

	Parameter
	Value

	Phase reference
	P-CPICH
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	-60 dBm/3.84 MHz
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	-3 dB

	MTCH data rate
	256 kbps
	128 kbps

	Transmission Time Interval
	40 ms
	80 ms

	Propagation condition
	VA3

	Number of radio links
	3, 7 

	Receiver structure
	Rake, LMMSE equalizer

	Channel estimation
	Ideal

	Equalizer length in chips
	Sufficiently large to cover the delay spread

	Noise variance
	Ideally known


Table A.2: System level assumptions
	Parameter
	Value

	Network layout
	12-cell (36 sectors) cloverleaf

with wrap-around

	Inter-site distance
	2500 m

	BS antenna gain (dBi)
(including feeder loss)
	14 dBi

	Antenna front-to-back ratio
	20 dB

	Horizontal antenna pattern
	70 degrees (-3dB) beamwidth

	Propagation model
	Path loss = 133.6 + 35 * log10(d_km)

	Building penetration loss
	10 dB

	Standard deviation of slow fading
	8.9 dB

	Correlation between sites for slow fading
	0.5

	Maximum BS power
	43 dBm

	UE noise figure
	10 dB








