Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #86
R1-167766
Gothenburg, Sweden 22th – 26th August 2016
Agenda Item:
6.2.2
Source: 
Ericsson

Title:  
A complementary assessment on the potential gains associated to the introduction of DTX in CELL_FACH
Document for:
Discussion

1 Introduction

The 3GPP Release 14 Work Item (WI) entitled “DTX/DRX enhancements in CELL_FACH,” has been discussed during, RAN1 #84 [1-5], RAN1 #84bis [6-11], and RAN1 #85 [12-16]. The most recent conclusions achieved by the TSG RAN WG1 on the DTX enhancements in CELL_FACH state the following:
· RAN1 #85 [18]
Agreement:  It may be possible to configure, the “Back-off” timer and the number of “Common E-DCH resources” available in the cell 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, 

· Cell  capacity

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 [18]:
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 RAN1 #84bis an analytical assessment on the potential gains behind introducing DTX in CELL_FACH was presented. This contribution provides a complementary evaluation on the potential gains based on simulation results. 
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 impact in both, cell’s capacity and resource blocking. 
In RAN1 #85, the impact on the noise rise derived from the stand-alone UL DPCCH transmissions in CELL_FACH was estimated from an analytical perspective [14]. The results obtained from such analysis indicated that in general the potential gains from fully applying DTX on the stand-alone UL DPCCH transmissions are rather small, and that they turn out to be even smaller for “Back-off” timer configurations that do not impact the cell’s capacity in a significant manner (i.e., when the cell’s capacity is not reduced by half or more). 
When the analytical results were presented in RAN1 #85, it was mentioned that it would be desirable to quantify such potential gains from an actual simulation, accounting for example for the “Cumulative Distribution Function” of the stand-alone UL DPCCH transmissions. Therefore, and aiming at fulfilling the request, the simulation model described in [11] was used in order to estimate the potential gains behind introducing a CPC-like mechanism in CELL_FACH.

Below we provide a general description of the performed evaluation:

Generally speaking, by using a resource blocking target equal to 5%, the performed simulation kept track of the E-DCH transmissions of each user. The activity level of the burst transmissions (determined by the “inter-burst” time) leads to have situations where 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 retaining the resources because a new data burst arrived before the “back-off” timer expired, which consequently re-starts the timer. Towards assessing the potential gains that could be obtained by fully muting the stand-alone UL DPCCH transmissions, the “UL DPCCH timer tales” were tracked over the entire simulation time aiming at counting how many of them may appear in parallel and how often they occur. Once the statistics of the stand-alone UL DPCCH transmissions were collected, a formula that is typically used for estimating the noise rise in the cell was used [13]. As described in [14], when the formula was applied it was assumed a required EcNoDPCCH equal to -18dB, an “other cell to own cell interference ratio” equal to 0.65 (which is a typical value for a 3-sector macro cell scenario), and an activity factor equal to 1 since it has been proposed to fully apply DTX on the stand-alone UL DPCCH. 
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 (i.e., when the cell’s capacity gets reduced by half or more). A full simulation was performed for each of the “Back-off” timer configurations.
Table 1: Noise Rise from stand-alone UL DPCCH transmissions 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 fulfilling a
Blocking Target

≈ 5%
	Empirical CDF 

Stand Alone UL DPCCH

	Average Gain Stand-Alone UL DPCCH
	Percentile Gain           Stand-Alone UL DPCCH
P(X≤x)

X = {0 … 1}

	              10
	4TTIs

(8ms)
	113
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Figure 1
	Simulation:
0.0206 dB

Theoretical:

0.02dB
	P(0.98≤x)

0.11508 dB
	Z = {0.9 … 0.99}

Z ⊆X

P(Z≤x)

	
	8TTIs

(16ms)
	110
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Figure 2
	Simulation:
0.0402 dB

Theoretical:

0.05dB
	P(0.95≤x)

0.11508 dB
	

	
	16TTIs

(32ms)
	104
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Figure 3
	Simulation:

0.0758 dB

Theoretical:

0.07dB
	P(0.96≤x)

0.2333 dB
	

	
	24TTIs

(48ms)
	92
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Figure 4
	Simulation:

0.1028 dB

Theoretical:

0.1dB
	P(0.9376≤x)

0.2333 dB
	

	
	40TTIs

(80ms)
	68
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Figure 5
	Simulation:

0.1247 dB

Theoretical:

0.12dB
	P(0.90≤x)

0.2333 dB
	

	
	80TTIs

(160ms)
	52
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Figure 6
	Simulation:

0.1958 dB

Theoretical:

0.2dB
	P(0.90≤x)

0.3548 dB
	


Table 2: Noise Rise from stand-alone UL DPCCH transmissions 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%
	Empirical CDF 

Stand Alone UL DPCCH

	Average Gain Stand Alone UL DPCCH
	Percentile Gain           Stand Alone UL DPCCH
P(X≤x)

X = {0 … 1}

	              25
	4TTIs

(8ms)
	406
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Figure 7
	Simulation:
0.0745 dB

Theoretical:

0.07dB
	P(0.97≤x)

0.2333 dB
	Z = {0.9 … 0.99}

Z ⊆X

P(Z≤x)

	
	8TTIs

(16ms)
	363
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Figure 8
	Simulation:
0.1267 dB

Theoretical:

0.14dB
	P(0.97≤x)

0.3548 dB
	

	
	16TTIs

(32ms)
	324
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Figure 9
	Simulation:
0.2415 dB

Theoretical:

0.23dB
	P(0.94≤x)

0.4798 dB
	

	
	24TTIs

(48ms)
	303
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Figure 10
	Simulation:
0.3419 dB

Theoretical:

0.34dB
	P(0.92≤x)

0.6085 dB
	

	
	40TTIs

(80ms)
	223
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Figure 11
	Simulation:
0.4274 dB

Theoretical:

0.43dB
	P(0.92≤x)

0.74123 dB
	

	
	80TTIs

(160ms)
	138
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Figure 12
	Simulation:
0.5254 dB

Theoretical:

0.53dB
	P(0.92≤x)

0.8780 dB
	


Below we provide a brief description (from left to right) of each of the fields contained in the tables above:

· First Column: Refers to the number of common E-DCH resources that were configured in the cell for handling the CELL_FACH traffic.
· Second Column: Shows the different “E-DCH Transmission Continuation Back-off” timer configurations that were used in the evaluations.
· Third Column: Indicates the number of subscribers being served by the cell, which do not infringe a blocking target beyond 5% (See [11] for further details).

· Fourth Column: Depicts the “Empirical Cumulative Distribution Function” of the stand-alone UL DPCCH transmissions.

· Fifth Column: Provides for each of the “Back-off timer” configurations an estimate of the average gains obtained from the stand-alone UL DPCCH transmissions.
· Sixth Column: Provides the percentile gain, which has to be read along with its corresponding CDF curve located in the fourth column. For example, the numeric value in dB units that can be read from the first row and last column of Table 1 means that in this case there is at most 1 stand-alone UL DPCCH transmission occurring with a probability of 98%, leading to a potential gain of 0.11508dB. Another example, taken from the first row and last column of Table 2 tell us that there are 2 or less stand-alone UL DPCCH transmissions occurring simultaneously with a probability of 97%, leading to a potential gain of 0.2333dB.The percentile that was used to find out the potential gains are between 90% and 99%, but any other percentile can be obtained from the CDF curves (Note that lower percentiles will lead to find even smaller gains).
General Observations from the obtained results:
When 10 “Common E-DCH resources” were configured in the cell, the “empirical cumulative distribution functions” show us that the potential gains are between 0.11508dB and 0.3548dB for percentiles between 90% and 99%, while the average potential gains are in a range from 0.0206dB to 0.1948dB.
On the other hand, when 25 “Common E-DCH resources” were configured in the cell, the “empirical cumulative distribution functions” show us that the potential gains are between 0.2333dB and 0.8780dB for percentiles between 90% and 99%, while the average potential gains are in a range from 0.0745dB to 0.5254dB.

At this point, it is important to highlight that overall the maximum gain observed resulted to be less than 1dB, and 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 depending on the number of “Common E-DCH resources” configured in the cell.

Therefore, accounting for “Back-off” timer configurations where the capacity of the cell is not severely impacted, the potential gains that may be obtained by fully applying DTX on the stand alone UL DPCCH are summarized in Table 3.
Table 3: Summary of the potential gains that can be obtained by fully applying DTX on the stand alone UL DPCCH in CELL_FACH without severely impacting the cell’s capacity
	Average Blocking Target

5%
	Back-off timer configurations
	10 Common E-DCH resources configured in the Cell

	25 Common E-DCH resources configured in the Cell


	
	
	Range of the Percentile Gain
(90-99% Percentile)
	Range of the Average Gain

	Range of the Percentile Gain
(90-99% Percentile)
	Range of the Average Gain


	
	4TTIs – 24TTIs

(8ms-48ms)
	0.11508dB – 0.2333 dB
	0.0206dB – 0.1028 dB
	0.2333dB – 0.6085 dB
	0.0745dB – 0.3419dB


The complementary simulation assessment performed on the proposal of introducing DTX in CELL has confirmed that the potential gains are rather small, and that become even smaller for “Back-off” timer configurations where the capacity of the cell is not severely impacted.
A large set of evaluations and simulation results have been presented in [11], [15], and [20]. Therefore now is up to the TSG RAN WG1 to discuss if the proposal of introducing “DTX in CELL FACH” has the sufficient technical merits and gains as to be added to the standard.

In our view, and based on the results obtained from the simulation campaign performed during this WI phase, it seems to be clear that is more suitable to apply a proper configuration of the “E-DCH Transmission Continuation Back-off” timer and the number of “Common E-DCH resources” available in the cell 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.
Proposal 1:  Apply a proper configuration of the “Back-off” timer, and the number of “Common E-DCH resources” available in the cell in order to achieve a good trade-off between no creating an excessive amount of uplink interference, not causing any penalty in terms of resource blocking, and not compromising the cell’s capacity.

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.

· In RAN1 #85, the impact on the noise rise derived from the stand-alone UL DPCCH transmissions in CELL_FACH was estimated from an analytical perspective [14]. The results obtained from such analysis indicated that in general the potential gains from fully applying DTX on the stand-alone UL DPCCH transmissions are rather small, and that they turn out to be even smaller for “Back-off” timer configurations that do not impact the cell’s capacity in a significant manner.

· As a complementary assessment to the evaluations presented in [11] and [14], we have made use of simulations aiming at finding the potential gains that may be obtained by fully muting the stand-alone UL DPCCH transmissions in CELL_FACH. 
· In order to estimate the potential gains, the “UL DPCCH timer tales” were tracked over the entire simulation time aiming at counting how many of them appeared in parallel and how often they occurred.

· From the results it was found that the maximum gain resulted to be less than 1dB (0.8780dB for the longest “Back-off timer”).

· Moreover, when we accounted for the cases where the cell’s capacity is not reduced by half or more, the performed evaluations provided the following results:
· When 10 “Common E-DCH resources” were configured in the cell, the “empirical cumulative distribution functions” show us that the potential gains are between 0.11508dB and 0.2333dB for percentiles between 90% and 99%, while the average potential gains are in a range from 0.0206dB to 0.1028dB.

· On the other hand, when 25 “Common E-DCH resources” were configured in the cell, the “empirical cumulative distribution functions” show us that the potential gains are between 0.2333dB and 0.6085dB for percentiles between 90% and 99%, while the average potential gains are in a range from 0.0745dB to 0.3419dB.

· In general, the simulation results have confirmed that the potential gains are rather small, and that the potential gains become even smaller for “Back-off” timer configurations where the capacity of the cell is not severely impacted.
· Therefore it seems to be more suitable to apply a proper configuration of the “E-DCH Transmission Continuation Back-off” timer and the number of “Common E-DCH resources” available in the cell 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
Based on the investigations presented in this contribution, the following proposal has been made:
Proposal 1:  Apply a proper configuration of the “Back-off” timer, and the number of “Common E-DCH resources” available in the cell in order to achieve a good trade-off between no creating an excessive amount of uplink interference, not causing any penalty in terms of resource blocking, and not compromising the cell’s capacity.
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