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1 Introduction
In RAN1#46, as well as in RAN1#47, it has been observed that compared to the spectral efficiency of Rel-6 MBMS, substantial improvements could be attained by employing a single-frequency network (SFN) approach to the transmission of MBMS services [1,2,3,4]. 
It was agreed during the joint-WG meeting on the MBMS improvements to also capture text on the FDD performance using SFN operations for transmission MBMS.

RAN WG1 is requested to approve the attached text as a part of Section 6  for the RAN 2 study item TR 25.905 [5]. 
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3 Text Proposals

The first part of this text proposal refers to the proposal in [6] and captures the reference section in [5], whereas the second part captures the FDD performance aspects for SFN enhancements to Rel-6 MBMS, as part of Section 6 in the RAN WG2 feasibility study [5].
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6.2.3 MBMS dedicated carrier with SFN operations – Study 1 (FDD)
6.2.3.1 Simulation assumptions and physical channel conditions
System level simulation assumptions are stated in Table 6.2.3.1, considered power delay profile corresponds to a 3 km/h Vehicular A channel [4] and 90% of the transmit power is dedicated for MBMS and the remaining 10% transmit power for CPICH.

Table 6.2.3.1: System level assumptions
	Parameter
	Value

	Cellular Layout
	19 Hexagonal cells, 3-sector sites

	Site to site distance
	2800 m

	Node-B antenna gain + cable loss
	17 dBi

	Antenna front-to-back ratio
	28 dB

	Horizontal antenna pattern
	60 degrees (-3dB) beamwidth

	Vertical antenna pattern loss
	Not considered

	Propagation model
	Path loss = 128.1 + 37.6*log(R)

	Standard deviation of slow fading
	8.0 dB

	Corrleation b/w sites for slow fading
	0.5

	Node-B total transmit power
	43 dBm

	Thermal noise
	-174 dBm/Hz

	UE noise figure
	9 dB

	HHO hysterisis
	3dB (only for Soft Combining)


For advanced receiver types, spectral efficiency might be limited by the availability of channelization codes. In order to fully utilize the available power for MBMS, combinations of different physical channel configurations may need to be considered. Below, S-CCPCH with three configurations is specified, in which all use 64 kbps information bit rate and 80 ms TTIs.
· Configuration 1: QPSK, SF = 32 (slot format #10) and coding rate 0.28.

· Configuration 2: QPSK, SF = 64 (slot format #8) and coding rate 0.594.

· Configuration 3: 16QAM, SF = 128 (as slot format #4) and coding rate 0.536.

Configuration 3 is the most code-space efficient, but also the least energy efficient.
6.2.3.2 Spectral efficiency
The combinations of the S-CCPCH configurations in Section 6.2.3.1, maximizing the spectral efficiency for 95% coverage and 1% BLER, are summarized in Table 6.2.3.2 for the following receiver types:

· Rake

· Type-1

· Type-2

· Type-3

The performance of the receiver schemes operating in SFN mode are compared with release 6 soft combining [4] of three radio links. An implementation margin of 1.6 dB has been added in the simulations to model loss due to non-ideal channel estimation, transmitter and receiver impairments, etc. The achieved capacity and spectral efficiency are summarized in Table 6.2.3.3 and in Table 6.2.3.4. With 16QAM, the system can achieve up to 84 MBMS 64 kbps 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. It can further be noticed that using two receive antennas doubles the spectral efficiency in general.

Table 6.2.3.2: Best combinations of different configurations that maximize spectral efficiency (using 90% of the cell power).

	Receiver type, # of RLs, (SFN operation schemes or soft combining schemes)
	# of channels for configuration 1
	# of channels for configuration 2
	# of channels for configuration 3

	Rake, 3RLs
	18
	0
	0

	Type-2, 3RLs
	19
	0
	0

	Type-2, 3RLs (SFN)
	24
	0
	0

	Type-2, 7RLs (SFN)
	22
	19
	0

	Type-1, 3RLs
	28
	7
	0

	Type-3, 3RLs 
	26
	11
	0

	Type-3, 3RLs (SFN)
	16
	31
	0

	Type-3, 7RLs (SFN)
	0
	43
	41


Table 6.2.3.3: MBMS capacity and spectrum efficiency achieved by SFN operation (using 90% of the cell power).
	Receiver
	Receiver capable of equalizing 3 RLs
	Receiver capable of equalizing 7 RLs

	Type-2
	1.536 Mbps
	2.624 Mbps

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

	Type-3
	3.008 Mbps
	5.376 Mbps

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


Table 6.2.3.4: MBMS capacity and spectrum efficiency achieved by soft combining (using 90% of the cell power).
	Receiver
	Receiver capable of soft combining 3 RLs



	Rake
	1.152 Mbps

	
	0.2304 b/s/Hz

	Type-1
	2.240 Mbps

	
	0.448 b/s/Hz

	Type-2
	1.216 Mbps

	
	0.2432 b/s/Hz

	Type-3
	2.368 Mbps

	
	0.4736 b/s/Hz


6.2.4 MBMS dedicated carrier with SFN operations – Study 2 (FDD)
6.2.4.1 Simulation assumptions and physical channel conditions
System level simulation assumptions correspond to the LTE Cases 1 and 3, with TU channel delay profile, and 90% of the transmit power is dedicated for MBMS and the remaining 10% for CPICH. The used transport block sizes (TBSs) are defined in Table 6.2.4.1, and S-CCPCH slot format #10, with an 80ms TTI and a spreading factor of 32 along with an 8-bit TFCI are considered. For ease of simulation with higher order modulation, the turbo encoding chain of HS-DSCH is applied to the transport channels carried by S-CCPCH.
Table 6.2.4.1 The TBS parameters used in the system simulations
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1 32 76 9120 2 18240 0.3 5472 0.42

2 32 76 9120 2 18240 0.5 9120 0.71

3 32 76 9120 2 18240 0.7 12768 0.99

4 32 76 9120 2 18240 0.9 16416 1.27

5 32 76 9120 4 36480 0.3 10944 0.85

6 32 76 9120 4 36480 0.5 18240 1.41

7 32 76 9120 4 36480 0.7 25536 1.98

8 32 76 9120 4 36480 0.9 32832 2.54

9 32 76 9120 6 54720 0.3 16416 1.27

10 32 76 9120 6 54720 0.5 27360 2.12

11 32 76 9120 6 54720 0.7 38304 2.97

12 32 76 9120 6 54720 0.9 49248 3.82


6.2.4.2 Spectral efficiency
Figure 6.2.4.1 shows network simulation results, in which ICE indicates ideal channel estimation and PCE models practical channel estimation (AWGN added to ideal channel taps, with variance corresponding to 15 CPICH symbols sliding average window). The results are obtained for 30 chips per antenna LMMSE Type-2 and Type-3 receivers. Furthermore, transmitter and receiver impairments were modeled as a limit on the maximum achievable signal-to-noise ratio of 20 dB. The simulation results suggest that when considering ICE and Type-3 receiver, an area spectral efficiency at 95% coverage and 1% BLER is in the region of 0.6bps/Hz are achievable for the LTE Case 3 deployment scenario, and even greater area spectral efficiency – in excess of 2bps/Hz – are possible for LTE Case 1. However, it is noticed that the spectral efficiency degrades with channel estimation enabled, i.e. with PCE, possibly due to the limitation of the current CPICH structure.
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Figure 6.2.4.1 Coverage vs. spectral efficiency.
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