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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#84bis, it was agreed that the evaluation will continue and it is foreseen that DTX can provide gains in two scenarios: 

· DTX during inactivity timer (i.e. prior to timer expiration)

· DTX during the time interval prior to retransmission

In this contribution, the evaluations of DTX in CELL_FACH in [2] are updated according to the two scenarios.

2. Discussion
2.1 Number of Inactive E-DCH transmissions in CELL_FACH
We relist the assumptions of the methodology to find out the statistics of the number of inactive E-DCH transmissions (the resource is occupied by the UE but transmitting DPCCH w/o E-DCH) in each TTI before each common E-DCH resource is released in [2] as follows:

· 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 – E-DCH service time) is smaller than the threshold, then a new burst E-DCH transmission starts right after the arrival of the new burst. If the (inter-burst time – E-DCH service time) is larger than the threshold, then this common E-DCH resource is released after the timer reaches the “inactive threshold”. 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.
In [2], E-DCH is always transmitted before timer Tb starts. In this contribution, E-DCH may not always be transmitted before Tb starts. In the example shown in Figure 1, between transmission and retransmission, E-DCH may not be transmitted but DPCCH is always transmitted. 
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Figure 1 E-DCH is not always transmitted before Tb starts

In the new simulations, we model the E-DCH transmission this way. For the first period of time, E-DCH is always transmitted in all TTIs, meaning that all HARQ processes are occupied. For the second period of time, the transmissions on some HARQ processes are finished but on the other HARQ processes are not finished, meaning that E-DCH is not always transmitted for the second period of time. The BLER for the initial transmission is set to 10%. 
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, 48ms for 2ms TTI, 40ms for 10ms TTI
	

	TTI length
	Fixed
	2ms, 10ms
	

	UE Inter-arrival time
	Poisson
	0.1 sec
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	Initial transmission BLER
	Fixed
	10%
	


Only common E-DCH resources in CELL_FACH are considered in the simulation. For example, if network configures 16 common E-DCH resources and 10 out of 16 common E-DCH resources are used for CELL_FACH users, then the number of common E-DCH resources used in the simulation is 10.
The cases of 2ms TTI and 10ms TTI are evaluated with different Tb lengths. 80ms Tb, 48ms Tb and 0ms Tb are used in case of 2ms TTI. 80ms Tb, 40ms Tb and 0ms Tb are used in case of 10ms TTI.
The simulation time is 500 seconds. In each TTI, we count N, which is the number of DPCCH only transmission (inactive E-DCH transmissions). When simulation is over, cumulative probability of N, i.e. P(N >= n), is obtained and shown in Figure 2~7. The ‘n’ is an integer from 0 to the number of common E-DCH resources in CELL_FACH. The P(N >= n) means that at least n common E-DCH resources are used for inactive E-DCH transmissions in CELL_FACH.

The simulation results are shown in Figure 3~8. In the 2ms TTI with 80ms Tb case (Figure 3), for over 50% of all TTIs, when there are 10 common E-DCH resources in CELL_FACH, at least 6 common E-DCH resources are in the “inactive E-DCH transmission” state, meaning that over 50% TTIs there are 6~10 resources transmitting DPCCH only. Similarly, when there are 16, 20 or 32 common E-DCH resources in CELL_FACH, 9~16, 11~20, or 18~32 common E-DCH resources are in the “inactive E-DCH transmissions”, respectively. 
We can find similar statistics from Figure 4~Figure 8 with all other configurations. In summary, it can be observed from the simulation results that:
Observation 1: The more common E-DCH resources in CELL_FACH, the more inactive E-DCH transmissions exist.

For over 50% of all TTIs,

Observation 2: Over half of the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 80ms inactivity timer for both 2ms TTI and 10ms TTI.
Observation 3: Over 40% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 48ms inactivity timer for 2ms TTI or 40ms inactivity timer for 10ms TTI.
Observation 4: Over 10% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 2ms TTI.
Observation 5: Over 20% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 10ms TTI.
It is noted that a Tb set to 0ms may introduce additional latency for the services in CELL_FACH. The inter arrival time in the log in [4] is the time between the arrival of Nth burst data and N+1th burst data, as shown in Figure 2. In practice, the setting of Tb shall consider “Idle time” instead of “Inter arrival time”, because it is not possible for the UE to finish E-DCH transmission in 0ms. According to the past study, the minimum value for the E-DCH service time model is 40ms [4], and we take 40ms as one example. According to [5], most “Inter arrival time” is around 100ms, and we consider the “E-DCH transmission time” is 40ms, then the “Idle time” is around 60ms. In this example, if Tb is set to 0, then UE would request the common E-DCH resource 60ms after this resource is released. The PRACH procedure would take 40ms if no collision occurs, resulting in a 40ms latency at least. If Tb is set to 80ms, the new burst can be transmitted without any latency because the resource is still occupied by the UE.
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Figure 2
Inter arrival time and Idle time between bursts 

[image: image6.png])

Curnulative Probahilty P(N>-

09

08

07

08

05

04

03

02

01

2ms TTI, 80ms Th

—— 10 common E-DCH resources in CELL FACH
——— 16 common E-DCH resources in CELL FACH
——— 20 common E-DCH resources in CELL FACH
—— 32 common E-DCH resources in CELL FACH





Figure 3 Cumulative probability of inactive E-DCH transmissions P(N >= n) (2ms TTI, 80ms Tb)
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Figure 4 Cumulative probability of inactive E-DCH transmissions P(N >= n) (2ms TTI, 48ms Tb)
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Figure 5 Cumulative probability of inactive E-DCH transmissions P(N >= n) (2ms TTI, 0ms Tb)
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Figure 6 Cumulative probability of inactive E-DCH transmissions P(N >= n) (10ms TTI, 80ms Tb)
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Figure 7 Cumulative probability of inactive E-DCH transmissions P(N >= n) (10ms TTI, 40ms Tb)
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Figure 8 Cumulative probability of inactive E-DCH transmissions P(N >= n) (10ms TTI, 0ms Tb)

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 9 and 10 in the Appendix it can be seen that the cell throughput decreases as the number of inactive E-DCH transmissions increases. The number of inactive E-DCH transmissions in CELL_FACH is obtained in section 2.1. The minimum gain by applying DTX to those TTIs sending DPCCH only can be shown from Figures 9 and 10. 
For example, in the case of 2ms TTI with 48ms Tb with 10 common E-DCH resources in CELL_FACH, 4~10 common E-DCH resources are transmitting DPCCH only in over 50% of all TTIs. For simplicity, we assume only 4 resources are transmitting DPCCH only instead of 4~10, so the gain we derive is the minimum gain. It can be seen that if 4 resources are applied with DTX, the cell throughput gain is around 14%. More gain can be observed when the number of common E-DCH resources in CELL_FACH is increased.
From the observations, it can be seen that significant gains in cell throughput can be achieved if DTX is applied to those inactive E-DCH transmissions. 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 when the DTX operation is used not only during the inactivity timer but also during the time interval prior to retransmission. 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 observed:

Observation 1: The more common E-DCH resources in CELL_FACH, the more inactive E-DCH transmissions exist.

For over 50% of all TTIs,

Observation 2: Over half of the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 80ms inactivity timer for both 2ms TTI and 10ms TTI.
Observation 3: Over 40% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 48ms inactivity timer for 2ms TTI or 40ms inactivity timer for 10ms TTI.
Observation 4: Over 10% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 2ms TTI.
Observation 5: Over 20% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 10ms TTI.
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 9 Cell throughput as a function of inactive E-DCH transmissions in PA3 channel (from [3])
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Figure 10 Cell throughput as a function of inactive E-DCH transmissions in VA30 channel (from [3])
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