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1 Introduction

The 3GPP Release 14 Work Item (WI) entitled “DTX/DRX enhancements in CELL_FACH,” has been discussed in both, RAN1 #84 [1-5], and RAN1 #84bis [6-11]. Until now, the conclusions achieved by the TSG RAN WG1 on the DTX enhancements in CELL_FACH state the following [12]:
“Conclusions on DTX improvements:

According to the CELL FACH traffic model studied during this work item, it was found that longer timers are impacting the cell capacity and the average blocking more significantly than shorter timers.”
On the other hand, towards the final assessments on trying to find the potential benefits of applying DTX in CELL_FACH, the following way forward has been agreed by the TSG RAN WG1:
“Evaluation will continue. Future simulations will include (but are not limited to) shorter timers (less than 80ms). 

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”
This contribution provides an assessment on the first bullet by estimating the potential gains that can be obtained by introducing DTX in CELL_FACH as a function of configured “Back-off” timer.
2 Potential gains of applying DTX on the UL DPCCH as a function of the “Back-off” timer configuration

A set of evaluations presented in RAN1 #84bis [11], have shown that there is a tight connection between retaining the “Common E-DCH resources”, and creating a significant repercussion in both, resource blocking and cell’s capacity. 

This time as complementary evaluations we estimate the impact on the noise rise derived from the UL DPCCH transmissions in CELL_FACH, which at the same time will allow us to assess the potential gains that could be obtained by applying DTX on the UL DPCCH in CELL_FACH. 
In order achieve this purpose we have referred to a formula that is typically used for estimating the noise rise in the cell [13], which is shown below.
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(1)
Where EbNo is the energy per bit divided by noise spectral density, W is the chip rate, R is data rate, N refers to the number of users in the cell, v is the activity factor, i is the other cell to own cell interference ratio, and NRdB is the noise rise in dB units.
If we distinguish between the energy used for transmitting the DPCCH, and the E-DCH, then the equation 1 can be rewritten as follows: 

[image: image2.wmf](

)

(

)

÷

÷

÷

ø

ö

ç

ç

ç

è

æ

+

+

-

-

=

å

=

N

u

e

e

c

c

dB

i

u

v

u

EcNo

u

v

u

EcNo

NR

1

10

1

)

(

)

(

)

(

)

(

1

log

10

  



  (2)

Where EcNoc(u) refers to the bit energy to noise spectral density on the DPCCH for the u-th UE, vc(u) is the activity factor on the DPCCH for the u-th UE, EcNoe(u) refers to the bit energy to noise spectral density on the E-DCH for the u-th UE, ve(u) is the activity factor on the E-DCH for the u-th UE. On this matter, since the intention is to assess the contribution made to the noise rise only derived from the UL DPCCH, the equation 2 can be re-written as follows. 
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For equation three we have assumed a required EcNoc of -18dB, an i  equal to 0.65 (which is a typical value for a 3-sector macro cell scenario), and an activity factor that is equal to 1 since it has been proposed to fully apply DTX on the uplink DPCCH of the inactive users. This way, based also on the evaluations presented in [11], we have provided an estimate of the noise rise derived from the inactive UEs, which at the same time represents the potential gains that can be obtained by completely muting the UL DPCCH from users that are not transmitting data. 
The performed evaluations follow the description below:

Generally speaking, because the holding time of the “Common E-DCH resources” can be determined from the “Back-off” timer and the packet data duration, and given that both the “maximum number of subscribers that can be hosted by the cell” and the mean of the “inter-burst” time are known variables from [11], then the average number of users that are simultaneously performing a transmission can be estimated as follows: 
  
[image: image4.wmf](

)

(

)

time

InterBurst

Mean

Subs

Num

Max

conf

timer

BackOff

duration

data

packet

sim

Tx

UEs

Num

Average

_

_

_

_

_

_

_

_

_

_

_

_

+

=


         (4)

Similarly, the average number of users that are simultaneously transmitting the “DPCCH timer tail only” (or in other words, the average number of inactive users) can be computed as follows:
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The results have been captured in Table 1 and 2 respectively, when the E-DCH transmissions performed in CELL_FACH follow an exponential distribution with mean equal to 5s and a packet data duration of 100ms, for 10 and 25 “Common E-DCH resources” configured in the cell. The color code in the third column for both Table 1 and Table 2 reflects the impact on the cell’s capacity, where the “red” color implies the most severe impact on the number of subscribers that can be hosted by the cell.
Table 2: Noise Rise from the UL DPCCH when 10 Common E-DCH resources are configured in the Cell 
	Number of Common E-DCH resources configured in the cell
	Back-off timer configured in the cell
	Maximum Number of subscribers hosted in the cell 

Blocking Target

5%
	Average Number of UEs transmitting simultaneously
(E-DCH + DPCCH timer tail)
	Average Number of UEs transmitting simultaneously the DPCCH timer tail only
	Noise Rise from UL DPCCH associated to the E-DCH + DPCCH timer tail
	Noise Rise from the DPCCH timer tail only

	              10
	4TTIs

(8ms)
	113
	2.4408
	0.1808
	0.28 dB
	0.02 dB

	
	8TTIs

(16ms)
	110
	2.552
	0.352
	0.31 dB
	0.05 dB

	
	16TTIs

(32ms)
	104
	2.7456
	0.6656
	0.32 dB
	0.07 dB

	
	24TTIs

(48ms)
	92
	2.7232
	0.8832
	0.32 dB
	0.1 dB

	
	40TTIs

(80ms)
	68
	2.448
	1.088
	0.28 dB
	0.12 dB

	
	80TTIs

(160ms)
	52
	2.704
	1.664
	0.32 dB
	0.2 dB


Table 3: Noise Rise from the UL DPCCH when 25 Common E-DCH resources are configured in the Cell 
	Number of Common E-DCH resources configured in the cell
	Back-off timer configured in the cell
	Maximum Number of subscribers hosted in the cell 

Blocking Target

5%
	Average Number of UEs transmitting simultaneously

(E-DCH + DPCCH timer tail)
	Average Number of UEs transmitting simultaneously the DPCCH timer tail only
	Noise Rise from UL DPCCH associated to the E-DCH + DPCCH timer tail
	Noise Rise from the DPCCH timer tail only

	             25
	4TTIs

(8ms)
	406
	8.7696
	0.6496
	 1,14 dB
	0.07 dB

	
	8TTIs

(16ms)
	363
	8.4216
	1.1616
	1.08 dB
	0.14 dB

	
	16TTIs

(32ms)
	324
	8.5536
	2.0736
	1.11 dB
	0.23 dB

	
	24TTIs

(48ms)
	303
	8.9688
	2.9088
	1.17 dB
	0.34 dB

	
	40TTIs

(80ms)
	223
	8.028
	3.568
	1.02 dB
	0.43 dB

	
	80TTIs

(160ms)
	138
	7.176
	4.416
	0.91 dB
	0.53 dB


The numbers in the above tables show that the potential gains for the case in which 10 “Common E-DCH resources” were configured in the cell are in a range from 0.02dB to 0.2dB, while for the case in which 25 “Common E-DCH resources” were configured, the range of the potential gains was within 0.07dB and 0.53dB. Pointing out that when the larger gains are obtained, the capacity of the cell is reduced by more than half, and almost by a factor of three respectively. 

In general, the potential gains that can be obtained by introducing DTX in CELL_FACH are rather small, and become even smaller for “Back-off” timer configurations where the capacity of the cell is not severely impacted.
Based on the obtained results (i.e., now accounting for the potential gains), it seems to be clear that a suitable configuration for the “E-DCH Transmission Continuation Back-off” timer can be used in order 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.
Observation 1: For a CELL_FACH traffic model characterized by a 100ms packet data duration and an inter-burst time with mean equal to 5s, the potential gains are in a range from 0.02dB to 0.2dB, and from 0.07 to 0.53dB when 10 and 25 “Common E-DCH resources” are respectively configured in the cell. 
Observation 2: When the larger gains are obtained, the capacity of the cell is reduced by more than half, and almost by a factor of three respectively, while for the cases in which the cell’s capacity is not severely impacted the gains are rather limited.
3 Conclusions 

This contribution provides an assessment on the potential gains that can be obtained in terms of alleviating the uplink interference by introducing “DTX in CELL_FACH”, from which the following points can be highlighted:
· A set of evaluations presented in RAN1 #84bis [11], have shown that there is a tight connection between retaining the “Common E-DCH resources”, and having a significant repercussion in both, resource blocking and cell’s capacity.

· As a complementary assessment to the evaluations presented in [11], we have made use of a formula that is typically used for estimating the noise rise in the cell (which can be found in section 2) in order to estimate the potential gains that can be obtained from fully applying DTX in CELL_FACH. 
· For all the possible “Back-off” timer configurations  available for the “implicit release of common E-DCH” resources (except for zero), and when 10 “Common E-DCH resources” were configured in the cell, Table 1 shows that the potential gains that can be obtained by fully muting the UL DPCCH of the inactive users is in a range from 0.02dB to 0.2dB.
· On the other hand, when the same evaluation was performed for the case of having configured 25 “Common E-DCH resources” in the cell, the estimated gains were in a range from 0.07dB to 0.53dB.
· From the obtained results it is important to highlight that when the larger gains are obtained, the capacity of the cell is reduced by more than half, and almost by a factor of three respectively.

· In general, the potential gains that can be obtained by introducing DTX in CELL_FACH are rather small, and become even smaller for “Back-off” timer configurations where the capacity of the cell is not severely impacted.

Based on the investigations presented in this contribution, the following observations have been made:
Observation 1: For a CELL_FACH traffic model characterized by a 100ms packet data duration and an inter-burst time with mean equal to 5s, the potential gains are in a range from 0.02dB to 0.2dB, and from 0.07 to 0.53dB when 10 and 25 “Common E-DCH resources” are respectively configured in the cell. 
Observation 2: When the larger gains are obtained, the capacity of the cell is reduced by more than half, and almost by a factor of three respectively, while for the cases in which the cell’s capacity is not severely impacted the gains are rather limited.
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