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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#85, it was proposed that Huawei will come back with revised results with an updated model according to the following: 

· Back off timer starts as soon as the buffer of the UE is empty (TEBS)
· Account for blocking rate and noise rise (cell capacity issues)
In this contribution, the evaluations of DTX in CELL_FACH in [2] are revised with an updated model.

2. Discussion
2.1 Number of Inactive E-DCH transmissions in CELL_FACH
In [2], the back off timer starts when the retransmissions in L1 are finished. However, it was argued in last meeting that when the back off timer starts in implicit release case. As is specified in TS 25.319 as follows [8]:
-
Release of the common E-DCH Resource;

-
implicitly by the UE if the collision has not been resolved upon expiry of a timer; 

-
implicitly by the UE after an empty buffer status has been reported as SI to the Node B, and after the last HARQ process has been acknowledged or maximum number of retransmission has been reached; The empty buffer status report is transmitted if buffer remains empty for a network configured period of time, starting with the transmission of the last MAC-i PDU. E.g. if the network configured period of time is set to zero, then the buffer status report is piggybacked with the last MAC-i PDU containing user data. If the network configured period of time is set to "infinity", implicit resource release is disabled.

-
explicitly by the Node B by sending a release command on the E-AGCH during the collision resolved phase;

-
implicitly by the UE when the maximum common E-DCH resource allocation time for CCCH transmission has been reached;

-
during state transition from CELL_FACH to CELL_DCH.

In the description, the empty buffer status report (SI carrying TEBS = 0) is transmitted if buffer remains empty for a network configured period of time (back off timer, Tb), starting with the transmission of the last MAC-i PDU. It means the back off timer starts as soon as the buffer of the UE is empty. And the common E-DCH resource will be released after the empty buffer status report and the last HARQ process has been acknowledged or maximum number of retransmission has been reached in L1. The illustration of back off timer start time is shown in Figure 1.
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Figure 1 Release of the common E-DCH Resource
Other main parameters are shown 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. 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 5 common E-DCH resources are in the “inactive E-DCH transmission” state, meaning that over 50% TTIs there are 5~10 resources transmitting DPCCH only. Similarly, when there are 16, 20 or 32 common E-DCH resources in CELL_FACH, 8~16, 10~20, or 16~32 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 2ms TTI.
Observation 3: Over 35%~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 80ms inactivity timer for 10ms TTI.
Observation 4: Over 20%~25% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 40ms or 0ms inactivity timer for 10ms TTI.
Observation 5: Over 10%~12.5% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 2ms TTI.
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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)

[image: image7.png]n)

Cumulative Probability P(N>

09

08

07

08

05

04

03

02

01

2ms TTI, Oms 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 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 about 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.
2.3 Impacts of back off timer length on cell capacity
In [5][6], blocking, maximum number of subscribers and noise rise are evaluated to show the impact of back off timer length on cell capacity. The back off timer and the number of common E-DCH resources available in the cell are as a function of the CELL_FACH traffic in order to achieve a trade-off between amount of uplink interference, E-DCH resource blocking rate and cell capacity.

However, there are some issues in this evaluation as follows:
1. In [6], the start and release time of the occupied common E-DCH resources for each user are accounted, which are the values changed according to the random inter-burst time. However, the time of the occupied common E-DCH resources for each UE are fixed in [5], viz. 100ms+back-off timer length or back-off timer length. Moreover, in the calculation of the average number of UEs, viz. the time of the occupied common E-DCH resources*UE num/5s, the possibility of transmitting data of all the UEs is uniform in 5s, which is almost not possible in reality. The evaluation methodology in [6] cannot reflect the actual uplink behaviour occupying common E-DCH resources.
2. If the same methodology is applied to evaluate average blocking rate, the results can provide no value as well. For example, if uplink behaviour can be ideally assigned in time, according to the calculations in [5], 113 users actually would use 2.4408 common E-DCH resources on average, meaning that no blocking occurs and only 3 common E-DCH resources can avoid blocking. As a result, the methodology is invalid in both evaluating blocking and noise rise.
3. The noise rise caused by UL DPCCH in typical E-DCH configurations is also evaluated in TR 25.903[7]. The value p is calculated, which is the percentage of own cell noise rise which is caused by one user’s UL DPCCH. p is calculated for two usually considered RoT budgets: 3dB and 6dB, what corresponds to the 50% and 75% of the pole capacity. It is observed that [7]:
· The tendency is for p to increase as throughput increases.

· The DPCCH uses between about 0.8% and 4.6% of the UL resources, depending on FRC and RoT budget.

It is concluded that by reducing the control channel power for these inactive users, a substantially larger number of inactive users can be supported with the same amount of resources.

In [7], the cell noise rise is shown in Figure 4.2.2.4.2-1 as a function of the number of voice users (excerpted in appendix as Figure 11). It can be observed that for 30 VoIP users, the noise rise is about 1.2 dB w/o gating. When gating is applied, about 0.4 dB noise rise is reduced. For the noise rise around 1.2 dB w/ gating, the number of supported VoIP users can be 45, compared with the case w/o gating. Although DPCCH gating would appear to reduce only a small amount of noise rise, it could significantly increase system capacity.
3. Conclusion
In this contribution, the evaluations of the impact of inactive E-DCH transmissions during the common E-DCH transmission phase are revised with an updated model. 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 2ms TTI.
Observation 3: Over 35%~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 80ms inactivity timer for 10ms TTI.
Observation 4: Over 20%~25% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 40ms or 0ms inactivity timer for 10ms TTI.
Observation 5: Over 10%~12.5% the common E-DCH resources in CELL_FACH are used for inactive E-DCH transmissions in case of 0ms inactivity timer for 2ms TTI.
According to the evaluations, at least 10% the common E-DCH resources in CELL_FACH used for inactive E-DCH transmissions are observed and more than 50% the common E-DCH resources in CELL_FACH used for inactive E-DCH transmissions are also observed in some cases. 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.
Some issues on the evaluation of impacts of back off timer length on cell capacity in [5][6] are also proposed. It is needed to be argued on the modelling and the results of noise rise caused by UL DPCCH in [5][6].
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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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Figure 11: Noise rise as a function of # of VoIP users, calculated and simulated
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