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Introduction

In [6] DoCoMo proposed to add 160 ms and/or 320 ms to the set of possible TTI values in the context of MBMS services. In this document we discuss the impact of such additions on memory requirements and compare it to the impact of adding support for outer code as discussed in [1].

Estimation of buffer sizes

The basic IL buffer size requirement in bits can be expressed in a simplified form as :
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where

SR is the service rate in kbps

TTI is the IL span in second

Q is the coded symbol quantization level in bits

R is the code rate

The IL buffer contains soft values hence the multiplication by the number of bits per coded symbol Q. 

The exact IL_buffer value would depend on the available payload on the physical channel used for the corresponding transport channel. For example the formula yields 1920 coded symbols for {64 kbps, 10 ms TTI, R=1/3} whereas a 64 kbps service would typically be mapped to a  S-CCPCH using slot format 10 (SF=32) and require up to 2400 coded symbols.

The outer code buffer requirement for a (x,y) outer code comes in addition to the IL buffer and can be expressed in a simplified form as:
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The OC buffer contains the information bits (hard values) and there is therefore no multiplication by Q in this case.

Assuming TTI belongs to {10, 20, 40, 80 ms}, a R=1/3 inner code with 5 bit quantization (note that this represents a lower bound and is likely to be higher in actual  implementations) and a (16,12) outer code figure 1 and figure 2 show the IL and OC buffer requirements for 64 kbps and 256 kbps services respectively. They also show the existing buffer sizes required for reference release-5 terminal classes.
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Transmission time & UE capability

Table 1 shows the possible IL and OC transmission times (spans) for Rel-5 terminals and 64/256 kbps services.

Table 1: possible time spans as a function of service & UE capability

	Rel-5 UE class
	Service rate
	Max IL span
	Base OC span

	64
	64
	10
	160 (limited by IL span)

	128
	64
	20
	320 (limited by IL span)

	384
	64
	80
	1280 (limited by IL span)

	384
	256
	20
	320 (limited by IL span)


Given the respective structure and use the IL and RLC buffers we note that the maximum IL span depends on the UE capability whereas the applicability of outer code is pretty much independent of the UE capability. Worth noting is that although the baseline time span is linked to the interleaving span, further time diversity could be achieved by interleaving multiple outer code blocks together thus fully exploiting the available RLC buffer memory.

The amount of additional buffering needed in order to enable terminals to support 320 ms IL spans is significant and would require a large relative increase in IL buffer memory.

On the other hand it would be possible to achieve the large spans offered by outer code using processing resources which can be re-used in a much more flexible manner than IL buffer memory.

In summary outer code implementation rely on resources that are mostly available in Rel-5 based terminal classes or which can be re-used for other functionality within the terminal. It is therefore from the implementation point of view a better way to achieve increased time diversity.

Performance

The evaluation of performance is somewhat challenging as it depends on the reference criteria. Based on [1,2,6] and results presented in tables 2-4, one could make rightfully make the following points:

· Assuming equal overall span the long IL approach clearly outperforms (table 2) the outer coding approach essentially due to steepness of the turbo coding performance and overhead associated with the outer code.

· Assuming equal overall buffering requirement, the performance is similar as shown in table 3 (we have compared the OC case using half the TTI of the IL only approach as the overall buffering requirements assuming 5 bit quantization are about the same).

· Assuming minimum impact on Rel-5 class resources the outer code outperforms the IL approach (table 4) as it allows for much longer span thanks to the availability of the RLC buffer.

In our view the latter is the more relevant metric given that MBMS implementation will not be implemented as an independent functionality but will obviously be part of a full Rel-6 solution which itself is based on Rel-5 or earlier.

Table 2: required Ec/Ior assuming equal time span
	IL / TTI [ms]
	Outer coding
	Total span
	G= 0 dB
	G= -3dB
	G= -6 dB

	320 ms
	No
	320 ms
	-11.6
	-8.6
	-5.3

	20 ms
	Yes
	320 ms
	-9.4
	-6.2
	-2.5


Table 3: required Ec/Ior assuming equal buffering
	IL / TTI [ms]
	Outer coding
	G= 0 dB
	G= -3dB
	G= -6 dB

	80 ms
	No
	-9.4 dB
	-6.2
	-2.4

	40 ms
	Yes
	-9.6 dB
	-6.5
	-2.8


Table 4: required Ec/Ior assuming equal TTI

	IL / TTI [ms]
	Outer coding
	G= 0 dB
	G= -3dB
	G= -6 dB

	20 ms
	No
	-
	-4 dB
	-

	20 ms
	Yes
	-9.4 dB
	-6.2 dB
	-2.5 dB


Note that irrespective of the improvements provided by the longer TTI and outer coding the absolute values presented in tables 2-4 for –3 dB geometry (95th percentile of all users [7]) are still relatively high and may represent barriers to the deployment of MBM services.

Impact on standards & design

In terms of the magnitude of the changes to the standard and design the longer IL approach outperforms the outer code approach since the outer code represents a new functionality in the system whereas the longer IL extends an existing functionality. However the customers are not here to make the standard and design community’s life easy; we are here competing to ensure that the resources (spectrum, memory, processing) are used as efficiently as possible.

Conclusion

Depending on the deciding criteria a case can be made either for longer IL or for the addition of outer coding. Our view is that the outer coding approach offer a better overall performance/resource ratio than the very long IL approach and should be introduced in order to support MBM services.
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Appendix

The simulation assumptions are outlined below.

	Parameter
	Value

	S-CCPCH Slot format
	10 

	Transport Block Size
	Varied

	TTI
	20 ms, 40ms, 80ms, 160ms and 320ms

	SF
	32

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	Tx Ec/Ior 
	Varied

	OCNS
	Used to sum total Tx Ec/Ior to 1

	Geometry
	0, -3 and -6 dB

	Channel estimation
	Enabled

	Power Control
	Disabled

	Channel
	Vehicular A - 3 kph


- 1/5 -

_1114342725.unknown

_1114342710.unknown

