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1. Introduction

In RAN#70, the DTX/DRX enhancements in CELL_FACH work item was approved [1]. One of the objectives is RAN1 related:
· Evaluate improvements in uplink resource utilization and uplink interference reduction (RAN1/2), i.e. DTX in CELL_FACH during the common E-DCH transmission phase. Based on the results of the evaluation, specify solution(s).

In RAN1#84, working assumptions for evaluations were provided within the following list:

· Inactive Threshold (timer): 0,4,8,16,24,40,80 TTIs

· Number of common EDCH resources configured in the cell, considering the total amount of available resources is shared with other states. 

· UE Inter-arrival time model (e.g. Poisson process)

· Inter burst time model

· EDCH service time model

· TTI length

· Suitable DTX cycle length with respect to the inactive threshold. 
In this contribution, the evaluations of DTX in CELL_FACH in [2] are updated according to the agreed working assumptions.
2. Discussion
2.1 Number of Inactive E-DCH transmissions in CELL_FACH
As discussed in [2], we provide a simple methodology to find out the statistics of the number of inactive period DPCCH transmissions in each TTI before each common E-DCH resource is released. In the methodology, we assume that:
· The E-DCH service time is the period between the first E-DCH transmission and the last E-DCH transmission for a burst data packet. The E-DCH service time meets uniform distribution between 20ms and 100ms.
· Inter-burst time is the period between two E-DCH bursts on each common E-DCH resource. It meets exponential distribution.
· For each common E-DCH resource, E-DCH transmission starts immediately when the resource is obtained by a UE. UE starts an inactive timer which is configured with an “inactive threshold” after each burst transmission. If the inter-burst time is smaller than the threshold, then a new burst E-DCH transmission starts right after the inter-burst time following the previous burst. If the inter-burst is larger than the threshold, then this common E-DCH resource is released after “inactive threshold” time following the previous burst, and this common E-DCH resource is released and may obtained by another UE.
· Whether the common E-DCH resource is obtained by another UE depends on the UE inter-arrival time. The UE inter-arrival time is modeled as Poisson process.
The main parameters as above mentioned are modeled in Table 1.

Table 1 Parameters for E-DCH burst transmissions

	Component
	Distribution
	Parameters
	PDF

	E-DCH Service Time
	Uniform
	U(20, 100) in msec
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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	Inactive Threshold
	Fixed
	80ms
	

	TTI length
	Fixed
	2ms
	

	UE Inter-arrival time
	Poisson
	0.1 sec
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The simulation time is 500 seconds. In each TTI, the number of common E-DCH resources that are actually transmitting E-DCH data is counted as N. After simulation time is over, cumulative probability of N, i.e. P(N < n), is obtained and shown in Figure 1. The ‘n’ is an integer from 0 to the number of total common E-DCH resources. The P(N < n) means that at most n common E-DCH resources are used for E-DCH transmission. 
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Figure 1 Cumulative probability P(N < n)
Considering the total amount of available resources is shared with other states, the number of total common E-DCH resources configured in the cell may less than 16 or 32 common E-DCH resources. Thus the case of total 10 or 20 common E-DCH resources is observed for example. 
It can be seen that when there are a total of 10 or 20 common E-DCH resources, for about 65% TTIs, there are at most 7 or 14 E-DCH transmissions. This means that for about 70% TTIs, there are at least 3 or 6 inactive E-DCH transmissions. Similarly, when there are a total of 16 or 32 common E-DCH resources, for about 60% TTIs, there are at least 5 or 10 inactive E-DCH transmissions. This means that more than half of the time, 30% the common E-DCH resources are used for inactive E-DCH transmissions.
Observation 1: About more than half of the time, 30% the common E-DCH resources are used for inactive E-DCH transmissions.

2.2 Impacts of Inactive E-DCH transmissions in CELL_FACH
The system simulation results in the TR on “Continuous connectivity for packet data users” [3] are reused here to evaluate the impact of inactive users to cell throughput. The key simulation assumptions are found in Table 4.2.2.4.5-1 in [3]. The impact of different number of inactive users in CELL_DCH on the cell throughput are shown in Figures 4.2.2.4.5-1 and 4.2.2.4.5-2 in [3]. The table and figures in the Appendix are excerpts from [3].
From Figures 2 and 3 in the Appendix it can be seen that the cell throughput decreases as the number of inactive E-DCH transmissions increases. When there are 5 or 10 inactive E-DCH transmissions, over 15% or 20% cell throughput gain can be achieved after DTX of DPCCH is applied.
Observation 2: When there are 5 or 10 inactive E-DCH transmissions in CELL_FACH, over 15% or 20% cell throughput gain can be achieved after DTX of DPCCH is applied.
From observation 1 and 2, it can be seen that significant gains in cell throughput can be achieved if DTX of inactive E-DCH transmissions can be introduced in CELL_FACH. It is then proposed:
Proposal: Introduce DTX of DPCCH in CELL_FACH during the common E-DCH transmission phase.
3. Conclusion
In this contribution, the evaluations of the impact of inactive E-DCH transmissions during the common E-DCH transmission phase are updated according to the agreed working assumptions. According to the evaluations, the cell average throughput can be improved if the DPCCH transmitted during inactive period can be DTXed. The DTX in CELL_FACH solution can follow the operation of DTX in CELL_DCH. It is proposed:
Proposal: Introduce DTX of DPCCH in CELL_FACH during the common E-DCH transmission phase.
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5. Appendix
Table 2 System simulation parameters (from [3])
	Parameter
	Value
	comments

	Cell configuration
	ITU Ped-A, Veh-A
	

	UE speed
	Ped-A 3 kmph, Veh-A 30 kmph
	

	Traffic model
	Full buffer,  no data
	6 full buffer users, rest with no data

	E-DCH Bitrate
	{64, 128, 256, 384, 512, 1024} kbps
	

	DPCCH CIR target
	-18.1 dB
	

	Load target
	6 dB
	

	DPCCH gating pattern for no-data users
	{12, 9, 0} slots gated in every radio frame.
	0 gated slots equals to no gating.
Full buffer users transmit continuously

	Other parameters
	As in table 4.2.2.4-1
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Figure 2 Cell throughput as a function of inactive E-DCH transmissions in PA3 channel (from [3])
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Figure 3 Cell throughput as a function of inactive E-DCH transmissions in VA30 channel (from [3])
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