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Introduction

In [1], a method for further improving the spectral efficiency of MBMS bearers in a WCDMA network was proposed. The proposed scheme was similar to the SFN operation in LTE, which uses a common transmitted waveform to send an MBMS content channel from multiple base stations. For WCDMA, this requires using a common scrambling code and the same channelization code be used in spreading the same MBMS content channel at different base stations. A dedicated MBMS carrier was proposed to accommodate this SFN-like operation in a WCDMA network. It was shown that the spectral efficiency of WCDMA MBMS can be improved significantly when a type 2 or type 3 receiver is used [1].

In [1] we focused on the transmit power requirements and it was noted that the shown spectral efficiency exceeds the limit imposed by the availability of channelization codes. To fully capture the benefits of the SFN-like transmission scheme, higher order modulations, e.g. 16QAM is needed, especially for the assumption that all the MBMS mobiles use the type 3 receiver. In this contribution, we present simulation results for 16QAM.
Physical Channel Configurations
We consider a Secondary Common Control Physical Channel (S-CCPCH) of three configurations, all use 64 kbps information bit rate and 80 ms TTIs.

· Configuration 1: QPSK, spreading factor 32, slot format 10 according to [2], and coding rate 0.28.

· Configuration 2: QPSK, spreading factor 64, slot format 8 according to [2] and coding rate 0.594.

· Configuration 3: 16QAM, spreading factor 128 and coding rate 0.536. We assume a slot format that is similar to slot format 4 according to [2] (all the symbols are usable for data).
While configuration 1 (QPSK and SF 32) is the most energy efficient, it is also the least code-space efficient in that each channel consumes the largest portion of the OVSF code tree compared to other configurations. Configuration 3 is the most code-space efficient, but the least energy efficient.

The performance of these configurations in AWGN is shown in Fig. 1. Here an ideal receiver is assumed and Ec is the energy per chip.
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Figure 1: TTI error rate performance in AWGN .
Outage Probability and Power Allocation
We use system-level simulations to study the benefit of using the proposed MBMS transmission scheme. In our simulations we consider a system of 19 base station sites, each serving 3 cells. The site-to-site distance is 2800 m. We assume the path loss is 128.1+37.6*log(r) in dB, where r is the distance in km from the mobile to the base station.  The shadowing loss is log-normal with a standard deviation of 8 dB.  To simplify our analysis, we assume that all the radio links have the same power delay profile as the Vehicular A channel of [3]. The receiver is assumed to operate at 9 dB noise figure. The transmit power of the base station is limited to 20 watt per carrier per cell. All the mobiles in the system are moving at 3 km/h. We consider Rake, Type 1, Type 2, and Type 3 receivers. An implementation loss of 1.6 dB is accounted for in our simulations.
Results for configuration 1 were presented in [1]. Below, we present results for configurations 2 and 3.

In Figs. 2 and 3, we plot outage probability versus power allocation factors (transmit Ec/Ior) for configuration 2 (QPSK, spreading factor 64). Here, the outage probability is defined as the percentage of the received frames having BLER higher than 1%, averaged over fading realizations and over receiver locations. Results for users with one receive antenna is shown in Fig. 2. If we target 5% outage, the required Ec/Ior for a Rake receiver soft-combining 3 radio links (RLs) with cell-specific scrambling is -11.67 dB. For a Type 2 receiver, the required Ec/Ior reduces marginally to -11.81 dB. Using a common transmitted waveform, the required Ec/Ior for a Type 2 receiver becomes -12.77 dB or ‑15.86 dB, depending on whether the Type 2 receiver can equalize either 3 RLs or 7 RLs. Results for receivers with two receive antennas are shown in Fig. 3. The required Ec/Ior for the various receivers are ‑14.81 dB for Type 1 receivers and -15.20 dB for Type-3 receivers,  per release 6 MBMS with 3 RLs. Using a common transmit waveform, the required Ec/Ior for Type 3 receivers are -16.7 dB and -20.35 dB for equalizing 3 and 7 RLs, respectively.
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Figure 2: Outage probability for a 64 kbps MBM bearer, using SF=64, QPSK and coding rate 0.594, in the Vehicular A channel, 3 km/h. (single receive antenna)
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Figure 3: Outage probability for a 64 kbps MBM bearer, using SF=64, QPSK and coding rate 0.594, in the Vehicular A channel, 3 km/h. (two receive antennas)
Results for configuration 3 are shown in Figs 4 and 5. If we target 5% outage, the required Ec/Ior for a Rake receiver soft-combining 3 radio links (RLs) with cell-specific scrambling is -10.44 dB. For a Type 2 receiver, the required Ec/Ior reduces marginally to ‑10.58 dB. Using a common transmitted waveform, the required Ec/Ior for a Type 2 receiver becomes -11.55 dB or ‑14.67 dB, depending on whether the Type 2 receiver can equalize either 3 RLs or 7 RLs. The required Ec/Ior for Type 1 and Type 3 receivers are ‑13.59 dB and -13.96, respectively,  per release 6 MBMS with 3 RLs. Using a common transmit waveform, the required Ec/Ior for Type 3 receivers are -15.52 dB and ‑19.14 dB for equalizing 3 and 7 RLs, respectively.
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Figure 4: Outage probability for a 64 kbps MBM bearer, using SF=128, 16QAM and coding rate 0.536, in the Vehicular A channel, 3 km/h. (one receive antenna)
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Figure 5: Outage probability for a 64 kbps MBM bearer, using SF=128, 16QAM and coding rate 0.536, in the Vehicular A channel, 3 km/h. (two receive antennas)
Spectral Efficiency

We assume that the system can use a combination of configurations 1, 2, and 3,

for a plurality of MBMS channels. A valid combination however needs to satisfy both the power constraint and the code constraint. The power constraint requires that the sum of the power allocation factors from all the MBMS channels be equal or less than

the total power allocation set side for MBMS services. In our evaluations, we assume 10% of base station power is allocated to CPICH and the remaining power (i.e.

90%) is available for MBMS. The code constraint requires that there be enough distinct OVSF codes to be used. The combinations that maximize spectral efficiency for 64 kbps MBMS services are summarized in Table 1. The achieved capacity and spectral efficiency for 64 kbps MBMS services are summarized in Table2, when considering common scrambling.
From Table 1, we see that with common scrambling the base station needs to mix two different configurations to maximize spectral efficiency. Note also that 16QAM is needed to maximize the capacity for Type 3 receivers that equalize 7 RLs. Without 16QAM, the number of MBMS channels that can be supported is limited to 63 and thus the capacity and spectral efficiency is limited to 4.032 Mbps and 0.806 b/s/Hz, respectively. With 16QAM, the system can achieve up to 84 MBMS channels, and spectral efficiency at 1.075 b/s/Hz, provided Type 3 receivers capable of equalizing 7 radio links are used. The spectral efficiency achieved by Type 2 receivers capable of equalizing 7 radio links is around 0.525 b/s/Hz.
Table 1: Best combinations of different configurations that maximize spectral efficiency (using 90% of the cell power).

	Receiver and scrambling scheme
	# of channels for configuration 1
	# of channels for configuration 2
	# of channels for configuration 3

	Rake1, 3RLs (cell-specific scrambling)
	18
	0
	0

	Type 2, 3RLs (cell-specific scrambling)
	19
	0
	0

	Type 2, 3RLs (common scrambling)
	24
	0
	0

	Type 2, 7RLs (common scrambling)
	22
	19
	0

	Type 1, 3RLs (cell-specific scrambling)
	28
	7
	0

	Type 3, 3RLs (cell-specific scrambling)
	26
	11
	0

	Type 3, 3RLs (common scrambling)
	16
	31
	0

	Type 3, 7RLs (common scrambling)
	0
	43
	41


Table 2: MBMS capacity and spectrum efficiency achieved by SFN-like  operation (using 90% of the cell power).
	
	MBMS capacity & spectrum efficiency with 3 RLs
	MBMS capacity & spectrum efficiency with 7 RLs

	Type 2 Receiver
	1.536 Mbps
	2.624 Mbps

	
	0.307 b/s/Hz
	0.525 b/s/Hz

	Type 3 Receiver
	3008 Mbps
	5376 Mbps

	
	0.602 b/s/Hz
	1.075 b/s/Hz


Conclusion

In this contribution, we refine the results in [1] to further consider 16QAM in our MBMS spectral efficiency and capacity evaluation. We found that with SFN-like MBMS transmissions spectral efficiency can be optimized by using a mixed code-efficiency and power-efficient channels, and that 16QAM substantially improves the spectral efficiency and capacity for Type 3 receivers that equalize 7 radio links. 
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