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1 Introduction
In RAN#43 a new work item for 2ms TTI coverage extensions was approved to improve the cell edge performance without the need for configuring two TTI lengths (2 ms and 10msTTI). The proposals and solutions introduced so far, including the TTI repetition, TTI bundling with HARQ, and fast TTI switching [2-5], have all been analyzed and discussed from a CELL_DCH state prospective.

In [6] we discussed the need and benefits of extending and applying the 2ms EUL coverage extension techniques to E-DCH in CELL_FACH state. To validate our analysis in [6], in this contribution we compare the uplink performance with and without coverage extension via system simulations.
2 Discussion
2.1 Background
The coverage limitations for 2ms TTI E-DCH operation have been actively discussed and solutions have been proposed for CELL_DCH state.  However, as part of Release 8 a new feature, E-DCH in CELL_FACH state, was introduced, with the objective of reducing connection setup latency and offering   “always-on” connectivity in an effort to improve user experience [1]. The new feature extended the use of E-DCH operation to CELL_FACH state and idle mode.  
To justify extending and applying the 2ms EUL coverage extension techniques to E-DCH in CELL_FACH state several arguments have been made in [6]. Some of them are: 

There is coverage loss due to lack of macro-diversity gain in CELL_FACH
Although the basic E-DCH operation and concepts in CELL_FACH state remain fairly similar to CELL_DCH state, the 2ms TTI operation in CELL_FACH may suffer from additional coverage limitations when compared to in CELL_DCH state because soft handover is not supported with common E-DCH and consequently the macro diversity gain seen in CELL_DCH state will be lost in CELL_FACH.   
Cell coverage is critical in CELL_FACH
Coverage throughout the cell is very important in CELL_FACH state due to the fact that all idle UEs must be capable of sending RRC messages (e.g. RRC Connection Request) to UTRAN throughout the cell in order to connect to the network and potentially place Emergency calls.  Since these messages are typically very small, other techniques such as MAC segmentation cannot be applied to improve coverage (i.e. smallest transport block size is already used).  
2.2 Simulation Results and Observations
In this section, we compare the coverage performance of 2ms TTI with and without range extension in CELL_FACH state. The simulation setup is shown in Table 1. Note that TBS=120 is chosen corresponding to an RRC_CONNECTION_REQUEST message. As a result, MAC segmentation is not applied since the smallest TB size is already selected. 
Simulation scenarios:

Scenario 1: No TTI bundling, with a maximum of 4 HARQ transmissions. 

Scenario 2: TTI bundling size=2, with a maximum of 4 HARQ transmissions.
Scenario 3: TTI bundling size=4 with a maximum of 4 HARQ transmissions.
Figure 1, Figure2 and Figure 3 show the coverage map of 2ms TTI without and with bundling, respectively. 
Our simulation results show that 5.32%   and 13.12% cell coverage gain is achieved at 1% BLER (90 % of the time) over R8 common E-DCH for TTI bundle = 2 and TTI bundle = 4 respectively.  In the figures the 1% BLER confidence is indicated as a percentage, thus all the red nuances above 90 in the scale mark the cell area that is under coverage.
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Figure 1: coverage map without TTI bundling (Scenario 1)
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Figure 2: coverage map with TTI bundling - TTI Bundle size = 2 (Scenario 2)
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Figure 3: coverage map with TTI bundling - TTI Bundle size = 4 (Scenario 3)
Table 1: Simulation Setup
	Parameter
	Value

	TTI
	2ms

	TBS
	120

	TTI bundling size
	1/2/4

	Maximum Number of HARQ Transmissions
	4

	T/P
	5.1dB

	Residual BLER
	1%

	Macro Diversity (cell FACH state)
	OFF

	Antenna Gain
	18dBi

	Antenna pattern
	Omni

	Penetration loss
	12dB

	Shadowing Loss – Lognormal (sigma = 8dB) 
	On

	Cable Loss
	3dB

	Body Loss
	3dB

	Site inter-distance
	2800m

	Noise rise
	6dB

	Channels
	PA3


Both the analysis and simulation demonstrate that coverage loss and performance degradation can occur for UEs in CELL_FACH operating with 2ms TTIs, and such UEs can also benefit from the 2ms coverage extension mechanism currently being discussed. Therefore, we propose to discuss the possibility of extending the solutions to E-DCH operation in CELL_FACH state.   

Proposal 1:  Discuss the possibility of extending the mechanisms proposed for 2ms coverage extension to E-DCH in CELL_FACH state and Idle mode.

If it is agreed to extend the solutions to CELL_FACH state, in order not to introduce any additional complexity and due to the similarity between E-DCH operation in CELL_DCH and CELL_FACH modes it is proposed to adapt and consider a common solution for both states.  

Proposal 2:  Agree to adapt and consider a common solution for 2ms E-DCH operation in CELL_DCH and CELL_FACH states, as well as Idle mode.
3 Conclusion

In this contribution some benefits of extending the range extension to CELL_FACH state and Idle mode have been discussed. Simulation results have shown coverage extension techniques can offer considerable gains for UEs in CELL_FACH operating with 2ms TTI.
Proposal 1:  Discuss the possibility of extending the mechanisms proposed for 2ms coverage extension to E-DCH in CELL_FACH state and Idle mode.
Proposal 2:  Agree to adopt and consider a common solution for 2ms E-DCH operation in CELL_DCH and CELL_FACH states, as well as Idle mode.
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