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1. Introduction
Enhancing the quality of the MBMS service is one of the important goals for the UMTS Long-Term Evolution. It was demonstrated that MBMS can achieve good coverage (~95%) at 64kbps and 128 kbps in macro- and micro-cellular environments (see, e.g. [7,8]).
  
The enhanced MBMS (E-MBMS) for E-UTRA has been evaluated for both single-antenna and dual-antenna node B’s [1-3,5]. For dual-antenna node B, transmit diversity (CDD) and spatial multiplexing have been evaluated. In [1], some requirements of multi-antenna schemes for the broadcast/multicast (B/M) service were discussed. In particular, some results demonstrating the large gain of spatial multiplexing over single-antenna and TX diversity based E-MBMS were presented in [1,5].
In this contribution, we present the coverage a function of data rate for single-antenna and dual-antenna transmission to assess the potential of the OFDMA-based E-MBMS for E-UTRA based on the simulation assumptions in [4]. Both macro- and micro-cellular environments are simulated. The following can be concluded from this document:
· In macro-cellular environment with 1.7-km ISD, a data rate of 2.25 Mbps can be supported at 95% coverage with E-MBMS even with soft combining of 57 sectors by employing 2-antenna spatial multiplexing. This corresponds to an increase of 35x in data rate over the Rel.6 MBMS. 
· For macro- and micro-cellular scenarios with 500-m and 130-m ISD, a data rate of 7.5 Mbps can be sustained with spatial multiplexing. This amounts to an increase of 58x in data rate over the Rel.6 MBMS (measured for 360-m ISD). 
· 2x2 spatial multiplexing offers substantial gain over the baseline 1x2 transmission as well as the 2x2 TX diversity (CDD). Therefore, it is highly beneficial to employ spatial multiplexing for networks with 2-antenna node B’s.
2. Transmission Schemes for E-MBMS
In addition to single-antenna transmission, Figure 1 depicts the two dual-antenna schemes that are simulated in this contribution:

· Cyclic delay diversity (CDD) is assumed for the dual-antenna TX diversity. A cyclic shift of 1 sample relative to the first antenna is used for the second antenna. 

· For spatial multiplexing, HBLAST is used as in [1]. Here, two independent streams (possibly with different modulation and coding schemes, or corresponding to two different contents) can be transmitted. Another alternative (not simulated in this contribution) is VBLAST, where the same content is multiplexed across the two antennas to provide spatial diversity gain via FEC decoding while achieving the data rate advantage.
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Figure 1: Multi-antenna schemes for 2-antenna Node B: (a) open-loop TX diversity (b) 2-stream HBLAST, require at least 2 antennas at the UE
3. Simulation Methodology and Assumptions
The agreed link level numerology in [4] is applied. Additional simulation assumptions are given in Table 1. Real channel estimation is used based on the pilot pattern depicted in Figure 2 (see [3]). The data rate calculation for each MCS level given in Table 2 assumes the pilot overhead of 1/6 per sub-frame. We assume no SNR limitation at the UE due to RF and ADC noise. The system-level parameters are given in Table 3. Both macro-cellular and micro-cellular environments defined in [4] are simulated. The effective SNR is calculated using the EESM method and used for PER calculation. We assume that all the available useful tones are used for pilot and data. 
Note that the data rates given in Table 2 are for one data stream. The data rates for HBLAST is twice of those in Table 2 as two data streams are transmitted.
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Figure 2: Pilot pattern used for simulation. In both cases, the pilot overhead is 16.67%: (a) Single antenna transmission (b) Dual antenna transmission

We assume synchronous network where content-dependent soft combining is performed. For N-sector soft combining, the composite channel is a linear combination of the channels from the N sectors of interest. N=1 represents an isolated unicast-like transmission whereas N=57 represents the broadcast scenario. In between we have typical multicast scenario. However, when the composite channel is longer than the CP, the taps that fall outside the CP (128 samples for 5 MHz) are treated as interference. 
We use coverage vs. data rate to compare different schemes where the coverage at data rate R and packet error rate PER is defined the percentage of UE’s that achieve packet error rate lower than PER at data rate R. In this document we use PER=1%. Here, PER is defined as the packet error rate averaged over channel realizations. This is an appropriate measure as the data rate of MBMS service is constant over a long period of time due to the absence of link adaptation.
	Parameter
	Assumption

	Bandwidth
	5 MHz

	Channel Models
	SCM-III [6], UE speed 3 kmph

	Target PER
	1% (without outer coding)

	Coding scheme
	Inner code Turbo, no outer code

	No. TX antennas
	1, 2: same for all Node B’s in network

	No. RX antennas
	2

	Maximum SNR at the receiver
	None

	Channel estimation
	Least square

	E-MBMS pilot overhead
	16.67% for 1- and 2-antenna transmission (see Fig. 2)

	MIMO detector
	Iterative MMSE


Table 1: Simulation Assumptions for Coverage Evaluation

	MCS
	Data rate: bps/Hz
	Data rate: Mbps (for 5 MHz)

	QPSK R=1/4
	0.42
	1.5

	QPSK R=1/2
	0.83
	3.0

	QPSK R=3/4
	1.25
	4.5

	16QAM R=1/2
	1.67
	6.0

	16QAM R=5/8
	2.08
	7.5

	16QAM R=3/4
	2.5
	9.0

	64QAM R=5/8
	3.125
	11.25

	64QAM R=3/4
	3.75
	13.5


Table 2: Modulation and coding schemes for each stream after 16.67% pilot overhead penalty
	Parameter
	Macro-cell
	Micro-cell

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site
	Hexagonal grid, 19 cell sites, 1 sector per site

	Minimum distance between UE and cell site
	35 m
	10m

	Site-to-site distance
	0.5 km, 1.732 km [4]
	0.13 km

	Antenna pattern
	70-degree sectored beam
	Omni-directional

	Total BS Tx power
	43 dBm
	38 dBm

	Distance dependent path loss
	128.1 + 37.6log10(d)
	Outdoor-to-outdoor [4]

	Penetration loss
	20 dB
	n/a

	Shadowing standard deviation
	8 dB
	10dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0
	0

	No. sectors for soft combining
	1, 3, 6, 9, 21, 57
	1,2,3,6,9,19

	No. UE’s dropped within the cell
	500 (uniformly)


Table 3: System Simulation Parameters per [4]
4. Simulation Results 
Figures 3, 4, and 5 depict the coverage vs. data rate for 0.5-km, 1.732-km, and 0.13-km inter-site distance, respectively. The results are also summarized in Table 4 and 5 in terms of the data rate at 90% and 95% coverage, respectively. 
Table 4: Data rate (Mbps) at 90% coverage and the gain in data rate of each multi-antenna scheme 
	Scenario
	1x2

Rate Mbps
	2x2 CDD
	2x2 HBLAST

	
	
	Rate Mbps
	Gain (%)
	Rate Mbps
	Gain (%)

	ISD=0.5km, SCS=3
	1.28
	1.35
	5.5
	2.02
	57.8

	ISD=0.5km, SCS=6
	2.18
	2.23
	2.3
	3.46
	58.7

	ISD=0.5km, SCS=9
	2.67
	2.71
	1.5
	4.36
	63.3

	ISD=0.5km, SCS=21
	3.75
	3.75
	0
	6.66
	77.6

	ISD=0.5km, SCS=57
	3.75
	3.75
	0
	7.5
	100

	ISD=1.7km, SCS=3
	0.96
	1.02
	6.3
	1.58
	64.6

	ISD=1.7km, SCS=6
	1.38
	1.45
	5.1
	2.1
	52.2

	ISD=1.7km, SCS=9
	1.59
	1.67
	5.1
	2.48
	78.4

	ISD=1.7km, SCS=21
	1.78
	1.9
	6.7
	2.76
	55.1

	ISD=1.7km, SCS=57
	1.85
	1.99
	7.6
	2.84
	53.5

	ISD=0.13km, SCS=1,…,19
	3.75
	3.75
	0
	7.5
	100


Table 5: Data rate (Mbps) at 95% coverage and the gain in data rate of each multi-antenna scheme 
	Scenario
	1x2

Rate Mbps
	2x2 CDD
	2x2 HBLAST

	
	
	Rate Mbps
	Gain (%)
	Rate Mbps
	Gain (%)

	ISD=0.5km, SCS=3
	1.06
	1.19
	12.3
	1.76
	66

	ISD=0.5km, SCS=6
	2.02
	2.09
	3.5
	3.06
	51.5

	ISD=0.5km, SCS=9
	2.55
	2.58
	1.2
	4.1
	60.8

	ISD=0.5km, SCS=21
	3.75
	3.75
	0
	6.6
	76

	ISD=0.5km, SCS=57
	3.75
	3.75
	0
	7.5
	100

	ISD=1.7km, SCS=3
	0.78
	0.85
	9
	1.13
	44.9

	ISD=1.7km, SCS=6
	1.12
	1.23
	9.8
	1.77
	58

	ISD=1.7km, SCS=9
	1.29
	1.33
	3.1
	1.93
	49.6

	ISD=1.7km, SCS=21
	1.38
	1.48
	7.2
	2.22
	60.9

	ISD=1.7km, SCS=57
	1.44
	1.53
	6.3
	2.25
	56.3

	ISD=0.13km, SCS=1,…,19
	3.75
	3.75
	0
	7.5
	100


Observe that TX diversity (CDD) offers modest gain over 1x2. On the other hand, 2x2 HBLAST (spatial multiplexing) consistently outperforms both even with 50% spatial correlation:

· For macro-cellular scenario, 2x2 CDD offers 0-8% and 0-12% gain in data rate over the baseline 1x2 transmission at 90% and 95% coverage, respectively. On the other hand, 2x2 spatial multiplexing offers 52-100% and 45-100% gain in data rate over the baseline 1x2 transmission at 90% and 95% coverage, respectively.

· For micro-cellular scenario, CDD does not provide any gain in data rate over the baseline 1x2 transmission whereas spatial multiplexing consistently offers 100% gain. 
· In macro-cellular environment with 1.7-km ISD, a data rate of 2.25 Mbps can be supported at 95% coverage with E-MBMS even with soft combining of 57 sectors by employing 2-antenna spatial multiplexing. This corresponds to an increase of 35x in data rate over the Rel.6 MBMS. 

· For macro- and micro-cellular scenarios with 500-m and 130-m ISD, a data rate of 7.5 Mbps can be sustained with spatial multiplexing. This amounts to an increase of 58x in data rate over the Rel.6 MBMS (measured for 360-m ISD). 
The gain of HBLAST mainly comes from the dual stream transmission. That is, the same trend is found with real channel estimation as that with perfect channel estimation (as observed in [1]).
Based on the results, we conclude that 2x2 spatial multiplexing is a good candidate for the 2-antenna E-MBMS MIMO scheme and should be evaluated during the E-UTRA MIMO/E-MBMS study phase. 

5. Conclusions
In this contribution, we present additional simulation results for dual-antenna transmissions with the cyclic delay diversity (CDD) and the spatial multiplexing for E-MBMS for macro- and micro-cellular environments defined in [4]. Actual channel estimation is used. 

From the simulation results presented in this document, we conclude the following:

· In macro-cellular environment with 1.7-km ISD, a data rate of 2.25 Mbps can be supported at 95% coverage with E-MBMS even with soft combining of 57 sectors by employing 2-antenna spatial multiplexing. This corresponds to an increase of 35x in data rate over the Rel.6 MBMS. 

· For macro- and micro-cellular scenarios with 500-m and 130-m ISD, a data rate of 7.5 Mbps can be sustained with spatial multiplexing. This amounts to an increase of 58x in data rate over the Rel.6 MBMS (measured for 360-m ISD). 

· Again, our results confirm the observation in [1] and [5] where 2x2 spatial multiplexing offers substantial gain over the baseline 1x2 transmission as well as the 2x2 TX diversity. Therefore, it is highly beneficial to employ spatial multiplexing for networks with 2-antenna node B’s.
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Figure 3: 1% PER coverage vs. data rate (bps/Hz) for macro-cell 0.5-km ISD: 1, 3, 6, 9, 21, 57 soft combining sectors
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Figure 4: 1% PER coverage vs. data rate (bps/Hz) for macro-cell 1.732-km ISD: 1, 3, 6, 9, 21, 57 soft combining sectors
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Figure 5: 1% PER coverage vs. data rate (bps/Hz) for micro-cell (outdoor-to-outdoor) 0.13-km ISD: 1 and 19 soft combining sectors
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� In [7], macro-cellular is defined with 1-km ISD. In [8], micro-cellular is defined with 360-m ISD.
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