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1. Summary and recommendations

Soft combining of MBMS simulcast transmissions has been investigated and observed to provide significant performance gains [1,2,3].   In this contribution, we consider the gains for an FDD system for various configurations of log likelihood ratio (LLR) based soft combining (proposed in [4]) and selection combining, examining the effect of TTI size and the number of radio links. Our main observations are:

· The use of 3 soft combined radio links brings significant gain over 2 links.

Compared to 2 radio links, 3 soft combined radio links provides about 2 dB gain at 95% coverage for 40ms and 80ms at 3kmph in a Vehicular A channel.  Note that similar gains were observed in [1] for 20ms TTI in a case 2 channel.

· Using 80 instead of 40 ms TTI has about 0.5 dB gain for ( 2 radio links.  

There is 0.4 to 0.6 dB gain from the use of 80ms TTI over 40ms TTI with either selection or soft combining and when either 2 or 3 radio links are used.

· Support of 80ms interleaving on multiple radio links strongly impacts UE capability.

Support of 256kbps with 40ms interleaving on 3 soft or selection combined links requires soft buffer memory comparable either a 5 code HSDPA a 2Mbps release ’99 UE.  If 80ms interleaving is used, soft buffer sizes for a 10 code HSDPA UE are needed.

· LLR based combining is flexible, allowing Node B specific scheduling and physical channel configurations.
LLR combining requires that the transmissions to be soft combined are close enough in time such that the UE soft buffer does not overflow, and does not require identical configuration of the radio links.  At low data rates, longer delays are possible, and the network can schedule bursty traffic to improve capacity.  At high data rates, different spreading factors may still be used on different radio links.

· LLR combining makes efficient use of soft buffer memory.

LLR combining uses memory at the rate that transport blocks arrive, and so the UE can tolerate additional delay with decreasing service bit rate even if the physical channel data rate is high.  If we instead consider using RAKE combining with a large enough window size to allow soft combining of different Node Bs, UE memory is divided among the RAKE fingers and by the physical channel data rate.  This means that lower service data rates may not use less memory, and so the UE would not able to tolerate additional delay with decreasing data rate.

We therefore recommend that minimum UE capabilities including soft combining support

· Soft combining of up to 3 radio links.

· At most 40ms TTI at the maximum data rate for 3 soft or selection combined radio links.

· Soft combining of radio links with independently set TFCI.

2. required power vs TTI size and number of radio links

We performed system simulations to examine the gains from more radio links and larger TTI sizes for both selection and soft combining.   We simulated a 64 kbps service in a 3kmph Vehicular A channel, using 1 radio link and 2 and 3 way soft and selection combining. (Additional simulation parameters are given in the appendix.) Figure 1 shows the results for soft and selection combining with various numbers of radio links with 40 and 80 ms TTI.  Note that the order of the legend from top to bottom matches the order of the curves from right to left.

Examining Figure 1, we can see that the gain from 2 radio links over 3 radio links is greater for soft combining than for selection combining.  At 90% coverage, using 3 instead of 2 soft combined radio links gains around 2.0 to 2.2 dB for 80 or 40ms TTI, respectively, whereas selection combining gains are about 1 dB for both 80 or 40ms TTI.

We can also see that the gains from 80ms TTI over 40ms TTI are modest when 3 radio links are combined.  At 90% coverage, both soft and selection combining gains are 0.4 to 0.6 dB when 80ms TTI is used instead of 40ms TTI.     
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Figure 1    Coverage vs. Required Power for Various TTI Sizes and Combining

3. UE buffer size

Using the buffering approach of [5], we briefly consider buffer size requirements for 40 and 80ms TTI for a 256kbps radio bearer, comparing to UE capability.  Using equation 1 of [5], below, the number of soft symbols the UE must buffer in order to support both soft combining and selection combining is:


[image: image2.emf]Coverage vs. Power for Vehicular A, 3km/h, 64 kbps

0.7

0.8

0.9

1

-16-15-14-13 -12-11-10 -9 -8 -7 -6 -5 -4 -3

Average Power (dB)

Coverage

1 RL, 40ms

1 RL, 80ms

Select, 2 RL, 40ms

Select, 2 RL, 80ms

Select, 3 RL, 40ms

Select, 3 RL, 80ms

Soft, 2 RL, 40ms

Soft, 2 RL, 80ms

Soft, 3 RL, 40ms

Soft, 3 RL, 80ms


Where:

· LSB is the number of LLRs of physical channel bits to store in the TTI soft buffer.

· “Max Relative Delay” refers to the maximum delay between the start of the earliest arriving radio link (macro diversity branch) and the start of the latest arriving radio link, in TTIs.

· TTI Bits is the number of physical channel bits in one TTI for a given transport block size.

Since a S-CCPCH with spreading factor 16 can support 256kbps at approximately rate ½ coding, we assume TTI Bits  = 19200 for a 40ms TTI and TTI Bits  = 38400 for an 80ms TTI.  Assuming a maximum delay of less than 2 TTI and 3 radio links, the equation above gives LSB = 57600 for 40ms and LSB = 115200 for 80ms.   We note that 57600 bits is on the order of capability expected for 5 code HSDPA UEs and for the 2Mbps class release ’99 UEs, but that 115200 soft bits requires a capability equivalent to a 10 code HSDPA UE. 
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SIMULATION PARAMETERS

Parameters used to compute the geometry are:

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	57 sectors (3 rings)

	Simulation type
	Snapshot
	

	Cell radius
	1000 meters
	

	Antenna Pattern
	Gain=min (12((/(3dB)^2,20)
	Front-to-back-ratio=20dB

Half-power-beamwidth=70( 

	Propagation Model
	PL=128.1+37.6log10(d)
	D in Km

	Lognormal std.
	8dB
	

	Correlation between sectors
	1
	

	Site-to-site correlation
	0.5
	

	Carrier frequency
	2GHz
	

	BS antenna gain
	14dB
	

	Noise
	None
	Assuming interference limited

	BS total power 
	17Watts or 42.3dBm
	

	Antenna Bore-sight 
	points toward flat side of cell.
	


Parameters used to compute the coverage are:

	Parameters
	Value

	Channel
	Vehicular A 

	Spreading Factor
	32

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Channel Coding
	Turbo, QPSK, 3GPP Rate matching

	Receiver
	Ideal Rake

	Interleaver Frame Size
	20ms

	Power Control
	None

	FER Requirement for Coverage
	1%
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