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1
Introduction

The FE-FACH work item [1] was initiated during RAN2#73bis. One of the sub-features considered is “Fallback to R99 PRACH”, in which an Enhanced-Uplink-in-Cell_FACH capable UE is also allowed to use R99 PRACH. 

In RAN2#74, a few contributions [2]-[4] were discussed with a focus on the use cases or scenarios that justify the introduction of this sub-feature. In particular two use cases were discussed:
· Optimal use of RACH and common E-DCH resources when number of common E-DCH resources are limited.

· 
Transmission of smaller packets like TCP and UL CCCH messages on R99 PRACH instead of common E-DCH resources even if common E-DCH resources are available. 

The assumption in the second use case above is that these small messages can be fit in one RACH transport block on R99 PRACH and that for such block sizes, R99 PRACH is more link efficient compared to EUL in CELL_FACH for small transport blocks.

In this document, we perform a link analysis of transmission of small packets on both R99 PRACH and EUL in CELL_FACH to investigate further the validity of this assumption.

2
Simulation Assumptions
Table 1 lists the simulation assumptions for the link analysis performed here. The evaluation was performed on R99 PRACH message using 20ms TTI compared to both 10ms and 2ms TTI for a small transport block size (~360 bits).
Table 1: Simulation Assumptions for link evaluation of small transport block sizes sent on uplink

	Parameter
	R99 PRACH 20ms TTI
	10ms TTI
	2ms TTI

	TBS [bits]
	360
	359
	355

	Number of HARQ Processes
	N/A
	4
	8

	Maximum number of transmissions
	N/A
	2
	4

	DPCCH Slot Format
	2
	1

	Channel
	PA3, PB3

	Channel Estimation
	4-slot non causal

	Number of Rx Antennas
	2

	Receiver Type
	Rake

	Power Control
	OFF
	ILPC ON, OLPC ON

	Traffic to Pilot Ratio [dB]
	-3.52
	8
	6

	E-DPCCH (βec/βc)2 [dB]
	N/A
	-2
	2

	Residual BLER [%]
	1


3
Performance Metrics

For the purpose of link efficiency comparison between R99 PRACH and EUL in CELL_FACH, we evaluate two important metrics defined as follows:
· Average Tx Ec/No: 

· R99 PRACH:
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· EUL in CELL_FACH
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· Average Rx Ec/No per antenna:

· R99 PRACH

·   For a fair comparison, this is averaged over the average duration the corresponding EUL transmission lasts (see Figure 1). In other words, even if the R99 PRACH message ends at the end of a 20ms TTI, the average Rx Ec/No is computed over the average duration of the EUL transmission.
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· EUL in CELL_FACH

·    In this case, the energy for both the DPCCH and the E-DPDCH/E-DPCCH is averaged across the entire duration of the transmission. Note that we assume that the single E-DCH transport block is transmitted in a single H-ARQ process and account for the number of average HARQ transmissions for that HARQ process.


[image: image4.wmf](

)

(

)

EUL

length

avg

DPCCH

E

EUL

Rx

cp

o

c

T

TTI

N

P

C

P

T

T

N

E

N

E

ú

û

ù

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

+

+

*

÷

÷

ø

ö

ç

ç

è

æ

=

-

*

*

1

0


[image: image5.emf]R99 PRACH Message

20 ms

T

EUL

= Duration of EUL transmission

DPCCH Preamble DPCCH+E-DCH


Figure 1: Average Rx Ec/No for each of R99 PRACH and EUL transmissions averaged over duration of EUL transmission

4
Link Analysis

Tables 1-4 2 illustrate the performance of link efficiency (Rx Ec/No and Tx Ec/.No) of small transport block sizes using R99 PRACH 20ms, EUL 10ms and EUL 2m in CELL_FACH for the PA3 and PB3 channels. As seen in these tables, the performance of both EUL 10ms and EUL 2ms is far superior to R99 PRACH both in terms of Rx Ec/No and Tx Ec/No. The benefit can be attributed to both HARQ and power control as currently specified for EUL in CELL_FACH. 
4.1
R99 PRACH 20ms vs. EUL 10ms
Table 2: Average Rx Ec/No per antenna [dB]: 20ms PRACH vs. EUL 10ms TTI

	Channel
	20ms PRACH
	EUL 10ms TTI
	Gain

	PA3
	-16.54
	-22.18
	5.64


Table 3: Average Tx Ec/No per antenna [dB]: 20ms PRACH vs. EUL 10ms TTI

	Channel
	20ms PRACH
	EUL 10ms TTI
	Gain

	PA3
	-12.12
	-18.31
	6.19


4.2
R99 PRACH 20ms vs. EUL 2ms
Table 4: Average Rx Ec/No per antenna [dB]: 20ms PRACH vs. EUL 10ms TTI

	Channel
	PRACH 20ms
	EUL 2ms
	Gain

	PA3
	-15.87
	-22.38
	6.51


Table 5: Average Tx Ec/No per antenna [dB]: 20ms PRACH vs. EUL 10ms TTI

	Channel
	PRACH 20ms
	EUL 2ms
	Gain

	PA3
	-12.12
	-14.62
	2.5


4
Conclusions

Based on the link analysis in this document, we conclude that the transmit and receive link efficiency of sending small transport blocks on EUL (10ms/2ms) is far superior. As a result, transmission of smaller packets like TCP and UL CCCH messages on R99 PRACH instead of common E-DCH cannot be justified. There is still a merit of falling back to R99 for the use case when the common E-DCH resource pool is congested as analyzed further in [6] using queuing theory.
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