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1 Introduction
As part of 3GPP Release 14 Work Item (WI) entitled “DTX/DRX enhancements in CELL_FACH,” the aspects related “DTX enhancements” have been discussed during RAN1 #84 [1-4], RAN1 #84bis [5-8], RAN1 #85 [9-13], and RAN1 #86 [14-17]. The most recent conclusions achieved by the TSG RAN WG1 on the DTX enhancements in CELL_FACH state the following:
· RAN1 #86 [18]

Conclusions: 

Based on R1-167766 findings, the average gains from DTX in cell FACH range from 0.02 to 0.10 (10 resources) and from 0.07 to 0.34dB for the case of 25 common E-DCH resources configured in the cell. The following table summarizes the gains from DTX in CELL_FACH.

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


In this contribution we analyse the potential gains that can be obtained in terms of cell throughput after fully applying DTX on the stand-alone UL DPCCH transmissions associated to the Back-off timer configuration in CELL_FACH.
2 Background: Gains derived from applying DTX on the UL DPCCH as a function of the “Back-off” timer configuration

In RAN1 #86 a set of simulations were performed for assessing the potential gains that may be obtained by fully muting the stand-alone UL DPCCH transmissions in CELL_FACH [16].

From the evaluations performed the following results were found:

· When 10 “Common E-DCH resources” were configured in the cell, the “empirical cumulative distribution functions” showed 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” showed 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.

The maximum observed gain resulted to be 0.8780dB for the longest “Back-off timer” configuration (i.e., overall less than 1dB). In addition, it is important to mention 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.

In relation to it, 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
The results above were the ones captured in the Chairman notes of RAN1 #86 since they correspond to the cases where the cell’s capacity is not severely impacted [18]. 
3 Gains on the cell throughput derived fully muting the UL DPCCH as a function of the “Back-off” timer configuration

When the above mentioned simulation results were presented in RAN1 #86, a new request was made by the proponent company which consists in assessing the potential gains that may be seen on the cell throughput. The argument there was that even when the potential gains seem to be pretty small, they could still mean something for the overall cell throughput.
Therefore, and aiming at addressing the above mentioned request we have performed a set of evaluations accounting for all the “Back-off” timer configurations, and when 10 and 25 “Common E-DCH resources” are configured in the cell.
The cell throughput was evaluated with a formula that is typically referred in literature for estimating the noise rise in the cell [19].
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refers to the load factor, Eb/No is bit energy to noise spectral density ratio, N the number of users, v the activity factor, and i is the other cell to own cell interference ratio.
The total data throughput per cell of all simultaneous users was calculated as in [19], by assuming a data service where the Eb/No is equal to 1.5dB, and where the other cell to own cell interference ratio “i” is equal to 0.65. The CELL_FACH traffic was assumed to be part of the total cell’s load, therefore the gains obtained from fully applying DTX on the stand-alone UL DPCCH were assumed to be observable in the total cell’s throughput.
Moreover, when the request was made in RAN1 #86 it was also mentioned that the Noise Rise target could be considered to be 6dB, which actually corresponds to a load factor of 75%. In addition to it, a Noise Rise target equal to 3dB was also considered in the evaluations. 

The results corresponding to 10 and 25 “Common E-DCH resources” configured in the cell have been captured in Table 1 and 2 respectively. The color code in the fourth column of both Table 1 and Table 2 reflects the capacity impact in the CELL_FACH state, where the “red” color implies the most severe impact (i.e., when the capacity gets reduced by half or more) on the number of users that can be hosted in CELL_FACH. 
Table 1: Cell throughput gains derived from fully applying DTX on the stand-alone UL DPCCH transmissions in CELL_FACH when 10 Common E-DCH resources are configured in the Cell 
	Number of Common E-DCH resources configured in the cell
	Noise Rise

Target
	Total cell’s throughput after fully applying DTX on the UL DPCCH in CELL_FACH
	Potential Gains

	10
	3dB

(Load Factor

50%)
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Table 2: Cell throughput gains derived from fully applying DTX on the stand-alone UL DPCCH transmissions in CELL_FACH when 25 Common E-DCH resources are configured in the Cell 
	Number of Common E-DCH resources configured in the cell
	Noise Rise

Target
	Total cell’s throughput after fully applying DTX on the UL DPCCH in CELL_FACH
	Potential Gains

	25
	3dB

(Load Factor

50%)
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General Observations from the obtained results:
· When 10 “Common E-DCH resources” were configured in the cell, the evaluation shows us that when the Noise Rise target is 3dB the potential cell throughput gains are in a range from 0.47% to 4.42%, while when the Noise Rise target is 6dB, the gains are between 0.16% and 1.45%.

· On the other hand, when 25 “Common E-DCH resources” were configured in the cell, the evaluation shows us that when the Noise Rise target is 3dB the potential cell throughput gains are between 1.71% and 11.45%, while for a Noise Rise target equal to 6dB the gains are in a range from 0.56% to 3.8%.
But yet again, it is important to account only for the potential gains that can be obtained when the cell’s capacity for the CELL_FACH state is not severely impacted. Accordingly, the potential gains are shown in Table 3.

Table 3: Summary of the potential cell throughput gains that can be obtained by fully applying DTX on the stand alone UL DPCCH without severely impacting the cell’s capacity in CELL_FACH
	Average Blocking Target in CELL_FACH
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 Potential Cell Throughput Gains
(Noise Rise Target 3dB)

	Range of Potential Cell Throughput Gains
(Noise Rise Target 6dB)

	Range of Potential Cell Throughput Gains
(Noise Rise Target 3dB)

	Range of Potential Cell Throughput Gains
(Noise Rise Target 6dB)


	
	4TTIs – 24TTIs

(8ms-48ms)
	0.47% – 2.36%
	0.16% – 0.72%
	1.71% – 7.6%
	0.56% – 2.51%


Table 3 provides the following information.
· When 10 “Common E-DCH resources” are configured in the cell and the Noise Rise target is equal to 3dB, the cell throughput gets increased from 821.8Kbps up to 841.1Kbps, while when the Noise Rise target is 6dB, the cell throughput increases from 1234Kbps up to 1242.9Kbps.

· On the other hand, when 25 “Common E-DCH resources” are configured in the cell and the Noise Rise target is 3dB, the cell throughput gets increased from 821.8Kbps up to 884.2Kbps, while when the Noise Rise target is equal to 6dB the cell throughput increases from 1234Kbps up to 1265Kbps.

The summary above tells us that for the above typical use case the cell throughput gain could be at most around 62.4Kbps when in CELL_FACH the stand alone UL DPCCH transmissions are fully muted and 25 “Common E-DCH resources” are configured in the cell.
Moreover, and as it was stated in RAN1 #86 there are some other important aspects that need to be considered:

· As long as the common E-DCH resources are retained (i.e., while the timer has not expired yet) the UE has to keep listening in DL, therefore a longer timer configuration will lead to a larger UE battery consumption.
· In RAN1 #86, it was mentioned that the UL DPCCH could be fully muted while the retransmissions are performed, and that in case a maximum number of retransmissions were needed then a significant gain could be obtained from applying DTX on the UL DPCCH. On this matter it needs to be understood that in terms of power control fully muting the UL DPCCH would add yet another complication to a transmission that couldn't go through in first place, and secondly the UL DPCCH could be muted during 14ms prior to every retransmission, leading to a maximum of 42ms when three retransmissions are performed. This represents to be a number of milliseconds that results to be similar to the “Back-off” timer configuration equal to 48ms, for which the average gains after fully applying DTX on the UL DPCCH were found to be 0.1028 dB & 0.3419dB respectively for 10 and 25 “Common E-DCH resources” configured for CELL_FACH.
· Using a 10ms TTI configuration will lead to more resource blocking issues in CELL_FACH since the timer will last for more time.
Finally, it is important to recall that is important to perform a prompt release of the “Common E-DCH resources” since the “CELL_FACH traffic” is characterized by infrequent and short data transmissions. 
Proposal 1:  Account for the potential gains of using “DTX in CELL FACH” only when the CELL_FACH’s capacity is not severely impacted.
Proposal 2:  Account that applying “DTX in CELL FACH” using a 10ms TTI configuration will lead to more resource blocking issues since the duration of the Back-off timer is tight to the TTI length.

4 Conclusions 

This contribution provides an assessment on the potential cell throughput gains upon fully applying DTX on the stand alone UL DPCCH in CELL_FACH. From the investigation performed the following points can be highlighted:

· In RAN1 #86 a set of simulations were performed in order to assess the potential gains that may be obtained by fully muting the stand-alone UL DPCCH transmissions in CELL_FACH.
· 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 it was accounted for the gains where the capacity in the CELL_FACH state 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.

· When the above mentioned simulation results were presented in RAN1 #86, a new request was made by the proponent company which referred to assessing the potential gains that may be seen on the cell throughput.
· Aiming at addressing the request, the cell throughput was evaluated using a formula that is typically used in literature for estimating the noise rise in the cell. 

· The total data throughput per cell of all simultaneous users was calculated as in [19], by assuming a data service where the Eb/No is equal to 1.5dB, and where the other cell to own cell interference ratio “i” is equal to 0.65.

· The CELL_FACH traffic was assumed to be part of the total cell’s load, therefore the gains obtained from fully applying DTX on the stand-alone UL DPCCH were assumed to be observable in the total cell’s throughput.

· Accounting for the potential gains when the cell’s capacity of the CELL_FACH state is not severely impacted the results were as follows:

· When 10 “Common E-DCH resources” are configured in the cell and the Noise Rise target is equal to 3dB, the cell throughput gets increased from 821.8Kbps up to 841.1Kbps (i.e., 2.36% in best case), while when the Noise Rise target is 6dB, the cell throughput increases from 1234Kbps up to 1242.9Kbps (i.e., 0.72% in the best case).

· On the other hand, when 25 “Common E-DCH resources” are configured in the cell and the Noise Rise target is 3dB, the cell throughput gets increased from 821.8Kbps up to 884.2Kbps (i.e., 7.6% in the best case), while when the Noise Rise target is equal to 6dB the cell throughput increases from 1234Kbps up to 1265Kbps (i.e., 2.51% in the best case).

· The summary above tells us that for the typical use case analysed in this contribution the cell throughput gain could be at most around 62.4Kbps when in CELL_FACH the stand alone UL DPCCH transmissions are fully muted and 25 “Common E-DCH resources” are configured in the cell.
· Some other general aspects that need to be considered before introducing “DTX in CELL_FACH” are the following ones:

· As long as the common E-DCH resources are retained (i.e., while the timer has not expired yet) the UE has to keep listening in DL, therefore a longer timer configuration will lead to a larger UE battery consumption.
· On the proposal of fully muting the UL DPCCH prior to a retransmission, it needs to be understood that in terms of power control it would add yet another complication to a transmission that couldn't go through in first place, and secondly the UL DPCCH could be muted during 14ms prior to every retransmission, leading to a maximum of 42ms when three retransmissions are performed. This represents to be a number of milliseconds that results to be similar to the “Back-off” timer configuration equal to 48ms, for which the average gains after fully applying DTX on the UL DPCCH were found to be 0.1028 dB & 0.3419dB respectively for 10 and 25 “Common E-DCH resources” configured for CELL_FACH.
· Using a 10ms TTI configuration will lead to more resource blocking issues in CELL_FACH since the timer will last for more time.
Based on the investigations presented in this contribution, the following proposal has been made:

Proposal 1:  Account for the potential gains of using “DTX in CELL FACH” only when the CELL_FACH’s capacity is not severely impacted.
Proposal 2:  Account that applying “DTX in CELL FACH” using a 10ms TTI configuration will lead to more resource blocking issues since the duration of the Back-off timer is tight to the TTI length.

5 References

[1] RP-152286, "DTX/DRX Enhancements in CELL_FACH", RAN #70.
[2] R1-160957, Analysis of DTX enhancements in CELL_FACH, Huawei, HiSilicon, RAN1 #84
[3] R1-160958, Evaluation of DTX enhancements in CELL_FACH, Huawei, HiSilicon, RAN1 #84
[4] R1-161026, A view on the introduction of DTX in CELL_FACH, Huawei, HiSilicon, RAN1 #84
[5] R1-162240, A discussion note on EUL Inter-Arrival times in Cell Fach, Qualcomm Europe Inc. (France), RAN1 #84bis.

[6] R1-162999, Evaluation of DTX in CELL_FACH, Huawei, HiSilicon, RAN1 #84bis.

[7] R1-163000, DTX design in CELL_FACH, Huawei, HiSilicon, RAN1 #84bis.

[8] R1-163196, On evaluating the implicit release of common E-DCH resources in CELL_FACH, Ericsson, RAN1 #84bis.
[9] R1-165091, Evaluation results for DTX in CELL_FACH, Huawei, Hi-Silicon, RAN1 #85.

[10] R1-165092, Further considerations on the design of DTX in CELL_FACH, Huawei, Hi-Silicon, RAN1 #85.

[11] R1-165333, An assessment on the potential gains associated to the introduction of DTX in CELL_FACH, Ericsson, RAN1 #85.

[12] R1-165334, On applying DTX on the UL DPCCH prior to an E-DCH retransmission in CELL_FACH, Ericsson, RAN1 #85.

[13] R1-165335, Summary of the potential gains and technical implications of introducing DTX in CELL_FACH, Ericsson, RAN1 #85.

[14] R1-167683, Considerations and evaluation of DTX in CELL_FACH, Huawei, Hi-Silicon, RAN1 #86.
[15] R1-167684, DTX solution in CELL_FACH, Huawei, Hi-Silicon, RAN1 #86.
[16] R1-167766, A complementary assessment on the potential gains associated to the introduction of DTX in CELL_FACH, Ericsson, RAN1 #86.
[17] R1-167767, Technical findings on introducing DTX in CELL_FACH, Ericsson, RAN1 #86.
[18] R1-168038, Chairman Notes, RAN1 #86.
[19] H. Holma, et al, “WCDMA for UMTS”, John Wiley and Sons, Third Edition, 2004.

1/7


_1534328222.unknown

_1534328229.unknown

_1534328082.unknown

