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1 Introduction

The 3GPP Release 14 Work Item (WI) entitled “DTX/DRX enhancements in CELL_FACH,” was kicked-off by the TSG RAN WG1 in RAN1 #84 [1-5].
The WI was initiated with the proposal of introducing a new power saving mechanism in the DRX enhancements area, followed by discussions around the possibility of introducing a CPC-like mechanism in CELL_FACH aimed at alleviating the uplink interference, which mainly has its applicability when the implicit release of “common E-DCH resources” is configured with a long timer value.
This contribution addresses the “DTX enhancements” area by analysing the impact on the resource blocking for the implicit release of common E-DCH resources as a function all the possible configurations of the “Back-off” timer, a variable number of common E-DCH resources configured in a cell, different mean values for the “inter-burst” time, and a different number of subscribers in the cell.
2 E-DCH Transmissions in CELL_FACH
As a background on this area, since Release 8 is possible to perform E-DCH transmissions in CELL_FACH because according to the standard, every cell can be configured with a maximum of either 16 or 32 common E-DCH resources depending on whether the Extended Acquisition Indicator (EAI) is configured or not in that cell [6].

On this point is important to highlight that in order to assess a realistic and proper analysis of the E-DCH transmissions in CELL_FACH, a value that is below the maximum number of configurable “common E-DCH resources” per cell should be used for the evaluations of this WI [7].
Moreover, is also important to keep in mind that there are two methods for releasing the “common E-DCH resources” [8]:
· Implicit Release of Common E-DCH resources: In this method, the UE shall release the “common E-DCH resources” upon the expiration of the “E-DCH Transmission Continuation Back-off” timer, which can be configured to either expire immediately (i.e., 0TTIs), or right after 4, 8, 16, 24, 40, or 80 TTIs have passed.
· Explicit Release of Common E-DCH resources: In this case, the “E-DCH Transmission Continuation Back-off” timer is set to “Infinity”, which means that is up to the network to indicate the UE when to release the “common E-DCH resources”.
In relation with the release of “common E-DCH resources”, it seems to be clear that the potential gains behind the proposal of introducing “DTX in CELL_FACH” will occur when a long timer is configured for releasing the “common E-DCH resources”. However, it has to be taken into account that depending on the traffic that is intended to be served, and due that there is a limited amount of available resources (at most either 16, or 32), a blocking, and also a capacity issue may arise in the cell. Therefore, is very important to investigate those aspects within the context of this WI, which has been done in the following sections. 
3 Evaluation of the Implicit Release of Common E-DCH Resources in CELL_FACH

In this section, the “Implicit Release of Common E-DCH Resources” is analysed including all the possible configurations of the “Back-off” timer, a variable number of common E-DCH resources configured in a cell, different mean values for the “inter-burst” time, as well as a different number of subscribers in a cell. The parameters used for performing the evaluations are briefly summarized in Table 1.

Table 1: Simulation Parameters.
	Parameter
	Value

	Number of subscribers in the cell.
	30, 50, 100, 500 subscribers

	E-DCH Service Time
	20ms, 100 ms

	Mean of the Exponential Distribution used for randomly generating the “Inter-burst” time.
	1 second, 5 seconds

	E-DCH Transmission Continuation Back-off.
	4, 8, 16, 24, 40, or 80 TTIs

	Total number of Common E-DCH resources configured in the cell.
	10, 16, 25, 32 E-DCH Resources

	TTI length.
	2ms


Simulation parameters description:

· Number of subscribers in the cell: Over the time, and independently, the users within the cell transmit data bursts at a random instant according to the “inter-burst” time which is given by an exponential distribution.
· E-DCH Service Time: Refers to the packet data duration every time a burst is transmitted.

· Mean of the exponential distribution: Determines the frequency of occurrence of a burst transmission for each user in the cell.
· E-DCH Transmission Continuation Back-off: Refers to the value that determines when the timer expires, which consequently releases the “common E-DCH resources” per user.
· Total number of Common E-DCH resources configured in the cell: This value determines the maximum number of simultaneous E-DCH transmissions that can take place in the cell in CELL_FACH.

General description of the performed evaluations:
Generally speaking, given a number of subscribers in a cell, the simulation keeps track of the E-DCH transmissions of each user, accounting for the start and release time of the “common E-DCH resources”. On this matter, and according to the level of activity of the burst transmissions (determined by the “inter-burst” time), there are occasions in which several “common E-DCH resources” may be occupied at the same time, being these level of occupancy increased when in certain occasions some of the users have the need of keeping the resources because a new data burst arrived before the “back-off” timer expired, which consequently re-starts the timer. All these interactions may lead to blocking issues and a decrease in the cell’s capacity, which depend on the maximum number of “common E-DCH resources” configured in the cell, the data activity, the TTI length, the “Back-off” timer configuration and the number of subscribers in the cell. For this reason, several CELL_FACH scenarios, as well as different setup configurations were evaluated. The produced results are organized below as a function of the activity level (in ascending order) of the E-DCH transmissions in CELL_FACH.
3.1 CELL_FACH Traffic characterized by an “inter-burst” time having a mean equal to 5s.

In this subsection, the E-DCH transmissions performed in CELL_FACH were distributed over the time according to a set of random variables obtained from an exponential distribution with mean equal to 5s and packet data duration equal to 100ms. Moreover, the “Extended Acquisition Indicator” was configured in the cell in order to have up to 32 resources available. Table 2 shows the average blocking of “common E-DCH resources” as a function of the configured “back-off” timer, number of users, and the number of “common E-DCH” resources configured in the cell.
Table 2: Average blocking of UEs as a function of the configured back-off timer and number of common E-DCH resources configured in the cell, when the mean of the inter-burst time distribution is equal to 5seconds.

	a) When 10 Common E-DCH resources are configured in the Cell

Number Subscribers in the cell
500

100

100

100

100

100

100

400

98

99

100

100

100

100

300

82

87

94

98

100

100

200

33

43

59

73

90

99

100

1

1

3

6

14

51

50

0

0

0

0

0

3

30

0

0

0

0

0

0

4

8

16

24

40

80

Configured Back-off time (TTIs)



	b) When 16 Common E-DCH resources are configured in the Cell
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	c) When 25 Common E-DCH resources are configured in the Cell
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	d) When 32 Common E-DCH resources are configured in the Cell
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Observations from Table 2:
· Table 2a: Represents a configuration in which 10 out 32 resources have been assumed to be configured in the cell. For this configuration and when the resource blocking is targeted to be less or equal than 5%, the results show that if the “common E-DCH” resources are released fast enough by using short to medium release timer configurations (i.e., up 16 TTIs), then is possible to serve around 100 users in the cell. However, for the same amount of subscribers, using timer configurations beyond 16 TTIs (32ms) would result in serious resource blocking issues due to the E-DCH transmission activity that characterizes this scenario. On the other hand, the lower part the table show us that in theory is possible to use any value for the “Back-off” timer without having any blocking issues, however the price to be paid is that the capacity of the cell would be reduced by half. 
· Table 2b: Represents a configuration where 16 resources have been assumed to be configured in the cell. On this matter, Table 2b show us that is possible to serve around 200 users if either the second or third shortest “Back-off” timer
 is configured. However, for the same number of subscribers, timer configurations beyond 8 TTIs (16ms) will result in resource blocking issues. On the other hand, the bottom of the table show us that the number of subscribers that can be served by the cell would be reduced by half when medium to long timer configurations (i.e., beyond 8 TTIs) are used.
· Table 2c: Refers to a case in which 25 out of 32 “common E-DCH resources” have been made available in the cell. In this case, if the second shortest “Back-off” timer is configured, then up to around 400 subscribers could be hosted by the cell without causing any penalty in terms of resource blocking. On the other hand, if we refer to the case in which is possible to configure any value for the “Back-off” timer (i.e., without having resource blocking issues), then is important to be aware that the cell will reduce its capacity by a factor of four. 
· Table 2d: Represents the upper limit when the Extended Acquisition Indicator is configured, since the maximum number of “common E-DCH resources” (i.e., 32 resources) has been assumed to be configured in the cell. The results show us that if the second shortest “Back-off” timer is configured (i.e., 4 TTIs), then around 600 subscribers could be served by the cell without ending up in any resource blocking issue. On the other hand, for the case in which any “Back-off” timer can configured without causing blocking issues, it has to be taken into account that the cell’s capacity goes down to support only around 200 subscribers in the cell (i.e., around 3 times a less capacity in the cell).

By using a linear interpolation method, the table 3 below shows an estimate of the maximum number of subscribers that can be supported by a cell when the second shortest and the longest “Back-off” timer are respectively configured for the implicit release of common E-DCH resources.
· Table 3: Maximum number of subscribers that can be served by a cell, when the average blocking is targeted to be 5% and the mean of the inter-burst time distribution is equal to 5second.
	Average Blocking Target
5%
	Number of Common E-DCH resources configured in the Cell
	Maximum number of subscribers that can be hosted by a Cell


	
	
	When the second shortest value of the “Back-off” timer is configured (i.e., 4TTIs).


	When the longest value of the “Back-off” timer is configured (i.e., 80TTIs).



	
	10
	113 subscribers
	52 subscribers

	
	16
	220 subscribers
	102 subscribers

	
	25
	406 subscribers
	138 subscribers

	
	32
	540 subscribers
	215 subscribers


Table 3 shows that by configuring a short “Back-off” timer for the release of the “common E-DCH resources” is possible to significantly increase the capacity of the cell without having blocking issues. The table above shows that most of the times the capacity can be doubled and even triplicated if the “common E-DCH resources” are released fast enough.
3.2 CELL_FACH Traffic characterized by an “inter-burst” time having a mean equal to 1s.

In this subsection, the E-DCH transmissions performed in CELL_FACH were distributed over the time according to a set of random variables obtained from an exponential distribution with mean equal to 1s. A smaller mean represents a different traffic activity where the data burst transmissions occur on average more often than before, therefore in order to provide a fair evaluation the packed data duration (i.e., E-DCH service time) was decreased from 100ms to 20ms. Otherwise, even more severe blocking issues would have been observed.
By using an optimistic setup in which the “Extended Acquisition Indicator” has been assumed to be configured in cell in order to have up to 32 “common E-DCH resources” available, Table 4 shows the average blocking of “common E-DCH resources” as a function of the configured “back-off” timer, number of users, and the number of “common E-DCH” resources configured in the cell.
Table 4: Average blocking of UEs as a function of the configured back-off timer and number of common E-DCH resources configured in the cell, when the mean of the inter-burst time distribution is equal to 1second.
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	b) When 16 Common E-DCH resources are configured in the Cell
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	c) When 25 Common E-DCH resources are configured in the Cell
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	d) When 32 Common E-DCH resources are configured in the Cell
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Observations from Table 4:

· Table 4a: In this configuration of “common E-DCH resources” (10 out of 32), the results show that if the second shortest (i.e., 4 TTIs) release “Back-off” timer is configured, then is possible to serve around 100 users in the cell. On the other hand, Table 4a shows that if the “Back-off” timer is configured with its longest available value, then around 20 subscribers could be served without ending up in a blocking issue.
· Table 4b: When 16 “common E-DCH resources” are configured in the cell, Table 4b tell us that the cell can host around 100 users and that is possible to configure a “Back-off” timer up to 16 TTIs without causing a blocking issue. On the other hand, if the longest “Back-Off” timer is intended to be used, then the cell would be able to serve only around 50 subscribers without having any penalty in terms of resource blocking.
· Table 4c: Refers to the case where 25 out 32 “Common E-DCH resources” have been made available in the cell. Under this assumption, if the shortest “Back-off” timer is configured, then the cell could host up to 300 subscribers without causing any resource blocking issue. On the other hand, for the case in which even the longest “Back-off” timer can be configured without having resource blocking issues, it has to be taken into account that the cell will be able to serve around 50 subscribers rather than around 300 subscribers. 

· Table 4d: This table represents the upper limit of the “Extended Acquisition Indicator” setup, since the maximum number of “common E-DCH resources” (i.e., 32 resources) has been made available in the cell. The results show us that if the shortest “Back-off” timer is configured, then around 400 subscribers could be served by the cell without causing any resource blocking issue. On the other hand, when there is no restriction on which value to configure for the “Back-off” timer (i.e., in terms of causing a penalty in resource blocking), the capacity of the cell goes down from supporting around 400 to 50 subscribers.

By applying a linear interpolation method, table 5 below shows the maximum number of subscribers that can be hosted by a cell when the second shortest and the longest “Back-off” timer are configured in the cell.

Table 5: Maximum number of subscribers that can be served by a cell, when the average blocking is targeted to be 5% and the mean of the inter-burst time distribution is equal to 1second.
	Average Blocking Target

5%
	Number of Common E-DCH resources configured in the Cell
	Maximum number of subscribers that can be hosted by a Cell


	
	
	When the second shortest value of the “Back-off” timer is configured (i.e., 4TTIs).


	When the longest value of the “Back-off” timer is configured (i.e., 80TTIs).



	
	10
	102
	21

	
	16
	163
	32

	
	25
	308
	53

	
	32
	417
	57


For a higher data activity (“inter-bust” time equal to 1s), the Table 5 show us that configuring a short value for the “Back-off” timer allows for most of the cases to increase the cell’s capacity by a factor of five with respect to using a long value for the “Back-off” timer.

4 Technical Considerations on DTX in CELL_FACH

According to the existing E-DCH resource indexation strategy, at most 32 “common E-DCH resources” can be made available in a cell if the Extended Acquisition Indicator is configured.

On this matter, since there is a very limited number of common E-DCH resources that can be used in CELL_FACH, configuring long values for the “Back-off” timer may easily result in a resource blocking issue depending on the number of subscribers hosted by the cell. Consequently, the proposal of introducing “DTX in CELL_FACH” shall take into account the tight connection that exists between long timer configurations and the resource blocking issues, even though the larger gains in terms of reducing the UL interference are expected to be obtained by DTXing the UL DPCCH for long timer durations.

In our view, a suitable configuration of the so called “E-DCH Transmission Continuation Back-off” timer can be used to achieve a good trade-off between no creating too much interference in uplink, not causing any penalty in terms of resource blocking, and not compromising the cell’s capacity.
Proposal 1:  The evaluations and the assessment of the potential gains behind the proposal of introducing “DTX in CELL_FACH” should account for the tight connection that exists between retaining the “common E-DCH resources” and its impact in terms of both resource blocking and cell’s capacity.

5 Conclusions 

This contribution provides a resource blocking analysis that is connected to the proposal of introducing “DTX in CELL_FACH”, from which the following points can be highlighted:
· The most significant gains behind the proposal of introducing “DTX in CELL_FACH” will occur when a long timer is configured for releasing the “common E-DCH resources”. However, it has to be taken into account that depending on the traffic that is intended to be served, and due that there is a limited amount of available resources (at most either 16, or 32), a blocking, and also a capacity issue may arise in the cell.

· The potential blocking issues deriving in a decrease in capacity mainly depend on the maximum number of “common E-DCH resources” configured in the cell, the data activity, the TTI length, the “Back-off” timer configuration and the number of subscribers in the cell.
· For an evaluation that accounts for all the possible configurations of the “Back-off” timer, a variable number of common E-DCH resources configured in a cell, different mean values for the “inter-burst” time, as well as a different number of subscribers in a cell, the following findings were obtained:
· When the resource blocking is targeted to be 5%, and the CELL_FACH traffic is characterized by an “inter-burst” time having a mean equal to 5s and a packet data duration equal to 100ms, the results show that if we compare long versus a short timer configuration, most of the times the capacity can be doubled and even triplicated if the “common E-DCH resources” are released fast enough by using short timer configuration.
· On the other hand, when data traffic activity is higher (i.e., an “inter-burst” time having a mean equal to 1s and a packet data duration equal to 20ms), the results shows that for most of the cases the cell’s capacity increases by a factor of five with respect to using a long value for the “Back-off” timer when short timer is configured.
· Based on the performed analysis, it is clear that the proposal of introducing “DTX in CELL_FACH” shall take into account the tight connection that exists between long timer configurations and the resource blocking issues, even though the larger gains in terms of reducing the UL interference are expected to be obtained by DTXing the UL DPCCH for long timer durations.
Based on the investigations presented in this contribution, the following proposal has been made:
Proposal 1:  The evaluations and the assessment of the potential gains behind the proposal of introducing “DTX in CELL_FACH” should account for the tight connection that exists between retaining the “common E-DCH resources” and its impact in terms of both resource blocking and cell’s capacity.
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