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1. Introduction

An enhanced MBMS service is an important goal within the UMTS Long-Term Evolution. The potential availability of several (2 or 4) antennas at the Node B as prompted efforts aimed at determining whether multiple antenna techniques can be used to improve the E-MBMS performance [1-5]. Since, especially under SFN operation, transmit diversity provides only marginal improvements because of the high-order frequency diversity already available in the system, the focus has been on spatial multiplexing techniques.

This contribution focuses on macro-cellular 1.7-Km ISD systems. We present results that confirm that spatial multiplexing MIMO can indeed provide a very substantial increase in data rates supported with 95% coverage as long as:

· Each transmit antenna has its own power constraint.

· The system operates in SFN mode.

If a joint power constraint applies to the transmit antennas or the operation is not SFN, the gain becomes much more modest. Furthermore, without the SFN feature, no significant rates can be supported with 95% coverage even with MIMO. Therefore, the SFN operation of the E-MBMS channel is deemed crucial to achieving its stated objectives.

In addition, we also show that using unequal MCS on the transmit antennas in a static fashion does not improve the performance.
2. SFN Operation vs. non-SFN Operation 

Fig. 1 presents the geometry (average signal-to-interference-and-noise ratio) corresponding to 5 MHz with single-antenna transmission and reception and 20 dB penetration losses applied to all users. A maximum SNR of 30 dB is in effect. We distinguish 3 different levels of SFN combining:

· 57 sectors (central cell plus two rings). This is the largest number of sectors that can be SFN-combined with 1.7-Km ISD. It requires tight Node B synchronization.

· 3 sectors (central cell only). It requires only coordination of the co-located sectors.

· No SFN. This corresponds to a fully asynchronous operation.

We observe that, at 95% coverage, the geometry with no SFN or with only 3-sector SFN is below –10 dB. No meaningful service can be provided at this level of coverage.

3. MIMO for E-MBMS

3.1. Power Settings

TR25.814 table A.2.1.1-3 defines the "Total BS TX power (Ptotal)" to be 43 dBm (20 Watts) in a 5 MHz bandwidth [8]. No definition of "Total BS TX power" is given in [8] with respect to multi-antenna transmission or multi-sector transmission. However, TR25.104 [7] defines in Section 6.1 and 6.2 that "for transmitters with diversity, the requirements apply to each antenna connector separately, with the other one terminated or disabled". "Output power, Pout, of the basestation is the mean power of one carrier delivered to a load with resistance equal to the nominal load impedance of the transmitter." "Maximum output power, Pmax, of the base station is the mean power level per carrier measured at the antenna connector in specified reference condition". 
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Figure 1. Geometry for 5-MHz SISO MBMS with different SFN orders (57,3,None).

From the above, we identify the following relevant scenarios to be investigated:

Table 1. Scenarios of interest.
	
	Antennas
per sector
	Per-antenna power constraint
	Total power

per sector

	Scenario 1 (baseline)
	1
	43 dBm, 20 W
	43 dBm, 20 W

	Scenario 2 (MIMO, low power)
	2
	40 dBm, 10 W
	43 dBm, 20 W

	Scenario 3 (MIMO)
	2
	43 dBm, 20 W
	46 dBm, 40 W

	Scenario 4 (high power)
	1
	46 dBm, 40 W
	46 dBm, 40 W


Scenario 1 is the SIMO baseline while scenarios 2 and 3 are MIMO. In addition to these 3 scenarios, and for the sake of completeness, we also include a 4th scenario with 1 antenna per sector radiating 40 W. This additional SIMO scenario allows a better understanding of how much of the MIMO gains in scenario 3 are due simply to the power doubling.

3.2. Simulation Methodology

The numerology in [8] is followed. The system simulation parameters are listed in Table 2. We consider a synchronous 57-sector SFN network that gives rise to a composite channel given by a linear combination of all the channels arriving from 57 sectors at the one sector in the center cell, which is investigated. The channel response within the CP duration is made use of in the coherent demodulation, while energy falling outside the CP becomes interference. In the absence of HARQ, the target error rate (averaged over the multipath fading) is FER=1%. The desired coverage level is 95% of locations with a uniform 20 dB penetration loss.

The effective SINR for FER look-up is calculated using the EESM method with the beta factors given in [10]. We note that these beta factors are for a stand-alone TU channel and therefore do not incorporate the impact of the additional frequency diversity available in SFN conditions. In order to tune these factors, a suitable link-level SFN channel is required as is currently being discussed [6,9].

The available MCS combinations are listed in Table 3 along with their respective spectral efficiencies (with the pilot overhead subtracted out).

The spatial multiplexing technique we consider is based on the transmission of independent equal-power codewords from each of the two antennas. The receiver consists of a linear MMSE front-end followed by successive interference cancellation. Decoding of the antenna with strongest SINR is attempted first and, if successful, its interference contribution regenerated and cancelled, after which decoding of the remaining antenna is in turn attempted.

Table 2. Simulation parameters.

	Parameter
	Value

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Number of used tones
	300

	Noise figure
	9 dB

	Channel model (per sector)
	TU 3 Km/h

	Target FER
	1%

	Coding
	turbo code

	Number of transmit antennas
	1 or 2, same for all sectors

	Number of receive antennas
	2

	MIMO receiver
	MMSE-SIC

	Antenna correlation
	None

	Maximum receiver SNR
	30 dB

	Channel estimation
	MMSE

	Pilot overhead
	1/6 for both 1- and 2-antenna transmission

	Layout
	Hexagonal grid, 19 cells, 3 sectors per cell

	Inter-Site Distance (ISD)
	1.732 Km

	Minimum distance between UE and Node B
	35 m

	Sector antenna pattern
	70º sectored beam

	Path loss
	128.1 + 37.6 log10(d)

	Shadow fading standard deviation
	8 dB

	Shadow correlation between cells/sectors
	50% / 100%

	Penetration loss
	20 dB on all users

	TTI duration
	0.5 ms


Table 3. MCS spectral efficiency (after pilot overhead).

	MCS
	Spectral Efficiency (bits/s/Hz)

	QPSK 1/4
	0.42

	QPSK 1/2
	0.83

	QPSK 2/3
	1.11

	QPSK 3/4
	1.25

	16-QAM 1/2
	1.67

	16-QAM 3/4
	2.5


The impact of MMSE channel estimation is abstracted based on a semi-analytic approximation that regards the estimation error as Gaussian-distributed. The pilot pattern is as depicted in Fig. 2 with an overhead factor of 1/6 [3-5]. 

Although there is no antenna correlation in the simulations, the effect from correlations is expected to be minor due to the well-known decorrelation effect that takes place in a composite SFN channel [2].

3.3. Results

Fig. 3 presents the coverage vs. spectral efficiency curves obtained from the system simulator for the 4 scenarios in Table 1. The results corresponding to scenarios 1 and 3 are in good agreement with those reported in [4]. For the sought 95% coverage level, we note the following:

· The spectral efficiency of Scenario 3 (MIMO with a 43-dBm per-antenna power constraint) is about 60% higher than that of the baseline.

· The spectral efficiency of Scenario 2 (MIMO with 40-dBm per-antenna power constraint) is only about 20% higher than the baseline.

Therefore, the MIMO gain at this operating point is due mostly to the effective power doubling brought about by the addition of the second antenna, rather than to a pure MIMO effect. In order to gain further insight on this, Fig. 3 depicts also the performance of the 4th scenario (SIMO with a 46-dBm power constraint). Doubling the transmit power (while keeping only 1 antenna) is seen to have an effect comparable to that of doubling the number of transmit antennas (while keeping the same total power divided between the antennas). In either case, the advantage is modest. It is only when both the number of transmit antennas and the total power are doubled that a sizeable gain justifying the additional MIMO complexity is achieved.

It is important to realize that the advantage of power increases is strongly contingent on the SFN feature. Under SFN operation, the system is essentially noise-limited and thus every dB of additional power translates directly into a corresponding SINR improvement. Without SFN, in contrast, the system is mostly interference limited and thus there is hardly any advantage from a power increase. This fact reinforces the importance of ensuring (at least some degree of) SFN operation in MBMS.
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Figure 2. Pilot pattern with 1/6 overhead for both single and two-antenna transmission. White circles indicate data, dark circles indicate pilots. In the two-antenna case, different patterns differentiate the pilots from either antenna.
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Figure 3.Coverage vs. spectral efficiency results for the various scenarios of interest.

4. Statically Unequal MCS on Each Antenna

Although PARC cannot be used because of the different channels to every user, it is conceivable to use a different MCS on each of the two transmit antennas on a semi-static fashion in order to facilitate interference cancellation at the receiver. This possibility is, in fact, mentioned in [8,Section 7.1.1.4.3]. Specifically for scenario 3 (MIMO with 43 dBm per-antenna power constraint) we investigate this possibility using the static MCS combinations in Table 4.

Table 4. Unequal MCS combinations.
	Antenna 1
	Antenna 2

	QPSK ¼ 
	QPSK ½

	QPSK ½
	QPSK 2/3

	QPSK 2/3
	QPSK ¾


Note that antenna 1 is the first to be detected at the receiver and thus has the less aggressive MCS. Fig. 4 shows the performance of these combinations viz-a-viz the one for equal MCS per antenna taken from Fig. 3. The performance with unequal MCS per antenna is slightly degraded relative to the case of equal MCS.

5. Conclusions

We have presented results that confirm that, for 1.7-Km macro-cellular systems, spatial multiplexing MIMO can provide a very substantial increase (on the order of 60%) in data rates supported with 95% coverage as long as:

· Each transmit antenna has its own power constraint.

· The system operates in SFN mode.

The gain hinges critically on the effective doubling of the transmit power and, therefore, is contingent on the SFN feature that turns interference-limited systems onto noise-limited ones.

We have further presented geometry curves evidencing that, without SFN operation, no service can be offered with 95% coverage. Altogether then, SFN operation is deemed critical to achieving the target objectives for E-MBMS in macro-cellular deployments.

Finally, we also show that using unequal MCS combinations on the transmit antennas in a static fashion does not improve the performance.
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Figure 4. Coverage vs. spectral efficiency for MIMO with 43 dBm per antenna with either equal or unequal MCS per transmit antenna.
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