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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 both RAN1 #84 [2-5], and RAN1 #84bis [6-11]. In particular, for the DTX enhancements area, the most recent outcome states the following the conclusions [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.”
Additionally, 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”
Based on the investigations that have been performed on “DTX enhancements for CELL_FACH” during this WI, this contribution is intended to provide a summary of the main findings accounting for the potential gains and technical implications of introducing DTX in CELL_FACH.
2 Potential gains and technical implications of introducing 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 gains behind this proposal were presented [3-4], as well as a view related to technical aspects that were found to be tightly connected to this proposal [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, following the agreements made in RAN1 #84bis [12], additional analysis and evaluations have been performed in [13] and [14], aiming at assessing the potential gains and implications of introducing DTX in CELL_FACH.
In Table 1, the main findings on the DTX enhancements area for Work Item “DTX/DRX enhancements in CELL_FACH” have been collected.
Table1: Main findings on the introduction of DTX in CELL_FACH
	Potential Benefits
	Technical Issues

	1) Potential benefits in terms of alleviating the UL interference:

According to the evaluations presented in [9], for a CELL_FACH traffic model characterized by a 20ms - 100ms packet data duration, an inter-burst time with mean equal to 5s, a long “Back-off” timer equal to 80ms, and when 10 out of 16”, and “20 out 32” common E-DCH resources have been respectively configured in the cell “there are at least 3 or 6 inactive E-DCH transmissions”.
On the other hand, an evaluation presented in [13], which accounts for all the possible “Back-off” timer configurations (except for 0TTI) has shown that 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.

2) Potential benefits in terms latency:

Moreover, within this WI it has been mentioned that “improving latency” is one of the benefits behind completely muting the UL DPCCH, since a long timer could be configured in order to allow the UE to comeback and transmit without having to acquire “common E-DCH resources” again.
3) Potential benefits of applying DTX prior to a retransmission in CELL_FACH
In [ChairmanNotes84bis], it was mentioned that a potential gain may be obtained by fully applying DTX on the UL DPCCH prior to an E-DCH retransmission in CELL_FACH.


	1) Technical consideration and issues of alleviating the UL interference by fully applying DTX on the UL DPCCH:

· 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.
· In 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” [12].
· From the evaluations performed in [13], it was found that when the larger gains are obtained (which range can be read from the second paragraph of the column on the left hand side), 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.

2) Technical consideration and issues on latency:

· In 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).
3) Technical considerations for applying DTX prior to a retransmission in CELL_FACH 

· Due that there will be no DL SIR estimates delivered to the Network if the UL DPCCH is DTXed, then it won’t be possible to generate TPC commands to be transmitted in downlink (DL) prior to an E-DCH retransmission. This would mean that up to 21 TPC commands would be missed. 
· Lacking power control during 21 slots won’t make possible to fulfil the “DL SIR TARGET” even if the maximum preamble length (15 slots) is used, this because the UE may still have a deviation of 6dB with respect to the “DL SIR TARGET”. Moreover, in some cases more interference would be generated in UL if a retransmission is performed with too high power as a consequence of the lack of power control.
· 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.

· 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 Table 1, there are some other important aspects that have not been discussed yet, which are briefly described below:
· As soon 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” along with a proper “up-switch” strategy.
Proposal 1:  Apply a proper configuration of the “Back-off” timer, the number of “Common E-DCH resources” available in the cell, and the “up-switch” strategy 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 a summary of the main findings obtained so far for the proposal of introducing DTX in CELL_FACH. 
From the analysis performed the following points can be highlighted:
· Potential Benefits:

· Introducing DTX in CELL_FACH is intended to alleviate interference generate in uplink especially when a long timer is configured for releasing the “common E-DCH resources”.
· If full DTX is applied on the UL DPCCH, then a gain in terms of latency is expected to be obtained since without impacting the UL interference, a long timer could be configured for allowing the UE to comeback and transmit without having to acquire “common E-DCH resources” again.
· It was also proposed to completely mute the UL DPCCH prior to an E-DCH retransmission in order to obtain potential gains.
· Technical Issues:

· On applying DTX on the DPCCH for configuring long “Back-off” timers without impacting the UL interference:

· 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), configuring a long “Back-off” timer can easily lead to a blocking, and also a capacity issue in the cell.

· For a CELL_FACH traffic model characterized by a 100ms packet data duration and an inter-burst time with a 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.
· For the larger gains, 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.

· On applying DTX on the DPCCH for latency purposes:

· 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 expired (even if a timer as long as 80ms is configured). This was concluded from measurements collected for typical CELL_FACH traffic.
· On applying DTX prior to a retransmission in CELL_FACH:
· 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:  Apply a proper configuration of the “Back-off” timer, the number of “Common E-DCH resources” available in the cell, and the “up-switch” strategy 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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