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1 Introduction

The 3GPP Work Item (WI) “DTX/DRX enhancements in CELL_FACH,” was initiated in the RAN plenary #70 [1], followed by discussions in RAN1 #84 [2-5], RAN1 #84bis [6-11] and RAN1 #85 [12-16]. On the DTX enhancements area, the most recent conclusions reached by the TSG RAN WG1 state the following:
· RAN1 #84bis [17]
“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.”
· 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

As a way forward, one of the companies has been asked to revise the results presented in RAN1 #85 [12], accounting for the following aspects:
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 addition, the theoretical assessment presented in RAN1 #85 on the potential gains behind “introducing DTX in CELL_FACH” has been complemented by a set of simulation results provided by Ericsson in RAN1 #86 [19].
At this point in time, and once an exhaustive set of evaluations have been performed in order to assess the potential benefits of introducing DTX in CELL_FACH, this contribution provides a summary of the main findings obtained during this Work Item phase.
2 Technical assessments on the introduction DTX in CELL_FACH
In RAN1 #84, the proposal of introducing a CPC like mechanism in CELL_FACH was discussed for very first time by the TSG RAN WG1, where some preliminary results on the potential benefits that may be brought by this proposal were presented [3-5].
In RAN1 #84bis, the investigations made on this Work Item continued including refinements made on the preliminary results [9], statistics accounting for typical CELL_FACH traffic [8], and evaluations addressing the impact on resource blocking and cell’s capacity [11].
Moreover, in RAN1 #85, additional analysis and evaluations were presented as a way forward [13-14], aiming at assessing the potential gains and implications of introducing DTX in CELL_FACH.
Finally, and towards the end of this Work Item, and in order to complement the theoretical evaluations presented in RAN1 #85 a simulation campaign was performed, which results matched the potential gains that were foreseen in theory one meeting ago.
Below we have enumerated the three technical solutions that have been discussed as part of the DTX enhancements in CELL_FACH:

· Fully applying DTX on the UL DPCCH during the “Back-off” timer operation
Table 1: Motivation and Findings on fully applying DTX on the UL DPCCH during the “Back-off” timer operation
	Motivation
	Findings

	· Alleviate the UL interference
	· RAN1 #84bis: It was concluded that “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” [17].
· 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
· RAN1 #86 [19]: When the cell’s capacity is not reduced by half or more, the simulations performed 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.

· 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.


	· Latency improvements
	· RAN1 #84bis: A set of measurement characterizing a typical CELL_FACH traffic were presented [8]. From which the following conclusions can be read:

“We observe that the inter-arrival times are much longer than the possible inactivity thresholds considered in [4]”.

“Since the inter-arrival times are long it might be beneficial to use a smaller inactivity threshold rather than enabling DTx over a longer inactivity threshold”.

This means that introducing DTX in CELL_FACH won’t be beneficial for latency, since in any case the next data packet for the same UE will arrive once the timer has already expired (even if a timer as long as 80ms is configured), which has also been verified through simulations.
In addition, it has already been proved that a long “Back-off timer” configuration results in severe blocking and capacity issues.


· Introducing a threshold for setting the pre-amble length
Table 2: Motivation and Findings on introducing a threshold for setting the pre-amble length
	Motivation
	Findings

	· Alleviate the power control interruption
	· RAN1 #84bis: When a UE performs a new transmission by using the “Common E-DCH resources” it retained, it has been proposed to add a threshold which will allow selecting either a short or a long pre-amble for the new transmission aiming at alleviating the lack of power control derived from having fully applied DTX on the UL DPCCH during the “Back-off” timer operation.
· RAN1 #85: On the proposal of adding a threshold it has been mentioned:

· Long “Back-off timer” configurations severely impact the resource blocking and the cell’s capacity, therefore is not recommended to configure “Back-off” timer ≥ 80ms (40TTIs)

· If there is a need of introducing different pre-amble lengths, then simply a long preamble can be associated to a long “Back-off” timer configuration and a short preamble length to a short timer configuration without having the need of adding a threshold.

· Using a long preamble introduces a delay in the transmission.


· Fully applying DTX on the UL DPCCH prior to a retransmission

Table 3: Motivation and Findings on fully applying DTX on the UL DPCCH prior to a retransmission
	Motivation
	Findings

	· Alleviate the UL interference
	· RAN1 #85: 

· For a 2ms TTI configuration the retransmission takes place 8 TTIs after the initial transmission has occurred. This means that the maximum gain that can be obtained by applying DTX on the UL DPCCH prior an E-DCH retransmission corresponds to applying muting on the UL DPCCH during 14ms, from which the potential gains are foreseen to be rather small. (Less than the gains that can be obtained when a 8TTI “Back-off” timer is configured, which is 0.0402dB on average).
· In general, applying DTX on the UL DPCCH prior to an E-DCH retransmission will mainly impact the inner loop power control, the “DL SIR TARGET” recovery, and the extra amount of interference generated in uplink.


A part from the summary of main findings described in the above tables, 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.

· Using a 10ms TTI configuration will lead to more resource blocking issues since the timer will last for more time.

Finally, it is important to put into perspective that the “CELL_FACH traffic” is characterized by infrequent and short data transmissions. Therefore, in order to deal with this kind of traffic is important to perform a prompt release of the “Common E-DCH resources”.
Proposal 1:  Discuss if the proposal of introducing “DTX in CELL FACH” has the sufficient technical merits and gains as to be added to the standard.
3 Conclusions 

This contribution provides a summary of the main findings obtained on the proposal of introducing DTX in CELL_FACH. 
From the analysis performed the following points can be highlighted:
· Fully applying DTX on the UL DPCCH during the “Back-off” timer operation
· Motivation: Alleviate the UL interference
· Findings:
· “It was found that longer timers are impacting the cell capacity and the average blocking more significantly than shorter timers”
· 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.
· When the cell’s capacity is not reduced by half or more, the simulations performed 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.
· 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

· Motivation: Latency improvements
· Findings:
· “We observe that the inter-arrival times are much longer than the possible inactivity thresholds considered in [4]”.
· “Since the inter-arrival times are long it might be beneficial to use a smaller inactivity threshold rather than enabling DTx over a longer inactivity threshold”.
· Iintroducing DTX in CELL_FACH won’t be beneficial for latency, since in any case the next data packet for the same UE will arrive once the timer has already expired (even if a timer as long as 80ms is configured), which also has been proved by using simulations.
· Introducing a threshold for setting the pre-amble length

· Motivation: Alleviate the power control interruption
· Findings:

· Long “Back-off timer” configurations severely impact the resource blocking and the cell’s capacity, therefore is not recommended to configure “Back-off” timer ≥ 80ms (40TTIs).
· If there is a need of introducing different pre-amble lengths, then simply a long preamble can be associated to a long “Back-off” timer configuration, and short preamble length to a short timer without having the need of adding a threshold.
· Using a long preamble introduces a delay in the transmission.
· Fully applying DTX on the UL DPCCH prior to a retransmission
· Motivation: Alleviate the UL interference

· Findings:

· For a 2ms TTI configuration the maximum gain that can be obtained by applying DTX on the UL DPCCH prior an E-DCH retransmission corresponds to applying muting on the UL DPCCH during 14ms, from which the potential gains are foreseen to be rather small. (i.e., less than the gains that can be obtained when a “Back-off” timer equal to 8TTI (16ms) is configured, which is ≈0.0402dB on average).
· In general, applying DTX on the UL DPCCH prior to an E-DCH retransmission will mainly impact the inner loop power control, the “DL SIR TARGET” recovery, and the extra amount of interference generated in uplink.
Based on the investigations that have been performed during this WI phase, the following proposal has been made: 

Proposal 1:  Discuss if the proposal of introducing “DTX in CELL FACH” has the sufficient technical merits and gains as to be added to the standard.
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