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1. Introduction

In this paper, we present initial results illustrating the improvements in PtM MBMS coverage achievable with outer coding. In slow channels with little multipath diversity (PedA, Case 1 at 3km/h), a significant reduction in the transmit power can be achieved (15% for PedA in the microcellular environment for 95% coverage, 1% BLER, 64 kbps service). In channels with more multipath or time diversity, the relative gain is smaller, and it depends on the TTI and outer code length. There are cases, e.g. VehA 30km/h, where outer coding can lead to a small penalty in link performance, however this translates into a similarly small coverage penalty.
It should be noted that the results presented in this paper are not based on the advanced outer interleaver structure reported in [1], hence further small performance improvements are achievable.

2. Results

Coverage estimates are shown in figures 1 and 2 for the 64 kbps service, 80 ms TTI and no STTD. They are based on geometry distributions reported in documents [2][3], and on link-level results shown in table 1 and in Annex A.
It should be recognized that not all channel types covered in figures 1 and 2 are representative for the macro and micro scenarios. For the macrocellular deployment, VehA30 and PedB3 are most relevant. In the case of VehA30, a penalty of approximately 2-3% in transmit power can be noticed (~19% instead of ~17% of power is required for 95% coverage). For PedB3, approximately 2-3% of power is saved (~24% instead of ~27% of power is used for 95% coverage). For the urban microcellular deployment, PedA and Case1 are relevant. Significant power saving can be observed for both channels at 95% coverage: 15% for PedA (power consumption ~21% instead of ~36%) and 11% for Case1 (15% instead of 26%).
3. Conclusion

An initial set of results demonstrating coverage benefits from outer coding in PtM MBMS was presented. The improvements are mainly seen in channels with little diversity, such as PedestrianA or Case1 at 3 km/h. Link-level performance, and hence the coverage, are affected to a small degree in channels with more diversity, such as Pedestrian B at 3 km/h or Vehicular A at 30 km/h.
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Figure 1  Coverage estimates obtained using the macrocellular geometry distribution. Outer coding estimates are provided based on the (32,24) code.
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Figure 2  Coverage estimates obtained using the microcellular geometry distribution. Outer coding estimates are provided based on the (32,24) code.
Table 1  Required Ec/Ior for 1% BLER. Extrapolated entries are shown in italics.
	Channel
	Bit rate,
kbps
	TTI,
ms
	Ec/Ior

	
	
	
	no outer coding
dB,  (%)
	outer coding
RS (16,12)
dB,  (%)
	outer coding
RS (32,24)
dB,  (%)
	outer coding
RS (64,48)
dB,  (%)

	PedA, 3 km/h
	64
	20
	>-1.0   (>79)
	-1.0   (79)
	-2.7   (54)
	-3.2   (48)

	PedA, 3 km/h
	64
	80
	-2.9   (51)
	-4.4   (36)
	-5.2   (30)
	-5.7   (27)

	Case1, 3 km/h
	64
	20
	 -1.0   (79)
	-3.0   (50)
	-4.2   (38)
	-4.8   (33)

	Case1, 3 km/h
	64
	80
	-4.3   (37)
	-6.5   (22)
	-6.9   (20)
	-7.1   (19)

	PedB, 3 km/h
	64
	20
	-6.5   (22)
	-6.6   (22)
	-7.2   (19)
	-7.6   (17)

	PedB, 3 km/h
	64
	80
	-8.1   (15)
	-7.9   (16)
	-8.5   (14)
	-8.9   (13)

	VehA, 30 km/h
	64
	20
	-8.4   (14)
	-8.3   (15)
	-8.6   (14)
	-8.8   (13)

	VehA, 30 km/h
	64
	80
	-10.3   (9)
	-9.7   (11)
	-9.7   (11)
	-9.7   (11)


Annex A
Link Level Results

The results are shown in figures below.
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Figure 3  Performance in Pedestrian A, 3 km/h, 64 kbps, G=-3dB, TTI = 20, 80 ms.
inner coding only – measured after turbo decoding (transport block size = 1280)
outer coding, inner code – measured after turbo decoding (transport block size = 1712)
outer coding, (x,y) – measured after R-S decoding (outer block size = 1712*3/4 = 1284)
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Figure  4  Performance in Case 1, 3 km/h, 64 kbps, G=-3dB, TTI = 20, 80 ms.
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Figure 5  Performance in Pedestrian B, 3 km/h.
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Figure 6  Performance in Vehicular A, 30 km/h, 64 kbps, G=-3dB, TTI = 20, 80 ms.

Table 2  Link level simulation assumptions

	Parameter
	Value

	User data rate
	64 kbps

	S-CCPCH slot format
	10 (sf=32)

	Transport block size
	1280

	TTI length
	20ms, 80 ms

	CRC length
	16

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	OCNS
	varied to sum total Ec/Ior to 0 dB

	STTD
	off

	Geometry
	-3 dB

	Number of rake fingers
	equal to # of channel taps

	Channel estimation
	from CPICH

	Carrier frequency
	2 GHz

	Doppler spectrum
	Jakes
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