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1 Introduction

A new Work Item on “Further EUL Enhancements” was approved during the RAN#62 plenary meeting. The objective of this Work Item consists in specify technical solutions for increasing the uplink capacity, coverage, and end user performance (e.g. latency, achievable rates, etc.) [1], which includes “Introducing enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios”. 

Within this scope,  the Work Item description addresses “to improve the power control after long DTX gap on secondary uplink frequency,” which has been accompanied by the following statement "if performance issues due to long data interruption are found". So, this contribution is intended to show the possible drawbacks to be faced when dealing with long data interruptions, to point out, and make the companies aware of an issue that also holds for the current standardized solution. 
2 Motivation for improving the Power Control after long DTX on Secondary Carriers
The disadvantage of increasing the interference in the cell by means of transmitting the DPCCH in a continuous way even when there is no data ongoing in the uplink direction has been addressed by introducing CPC (Continuous Packet Connectivity). With CPC, when there is no E-DCH transmission in the uplink direction, the UE automatically enters into an operation mode which stops the continuous DPCCH transmission and instead starts a periodic transmission of DPCCH bursts according to a UE DTX cycle.

In this regard, aiming at better adapting to the traffic properties two different UE DTX cycles have been defined. In a broad sense, after a certain configurable time of E-DCH inactivity, the terminal switches from a UE DTX cycle 1 to a UE DTX cycle 2, which enables the UE to further decrease its DPCCH activity.

Moreover, in order to improve the channel estimation performance and getting a more accurate power control, the UE DTX cycle 1 makes use of two slot pre-ambles and 1 slot post-amble which are included as part of the DPCCH bursts, while up to 15 slots pre-ambles are allowed for the UE DTX cycle 2 when the terminal deals with longer inactivity periods. 

In terms of power control, whenever there is an interruption in the transmission, the power of the DPCCH is derived from the previous value that was used in the last slot before the transmission gap. While the current standardized solution can be a good approach when the UE is dealing with short gaps, it can on the other hand be highly inaccurate when dealing with long inactivity periods, since in those cases the channel would be completely uncorrelated even when long pre-ambles are used for shortening the gaps or having more time to get an accurate power control. The above idea can be better illustrated through the use of a Bessel function, and the faded signal that are shown in Figure 1 and Figure 2 respectively.
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Figure 1.  Bessel function describing the degree of correlation of a wireless channel as a function of time.
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Figure 2.  Power of a faded signal versus time for a UE moving at 3Km/h, a) 1 Rx Antenna & b) 2 Rx Antennas.
The Bessel function shown above provides an estimate of the coherence time, which is the amount of time during which the channel can still be considered as correlated. In this regard, when the carrier frequency is 2GHz, and the UE is moving at 3km/h, the coherence time is approximately 45ms.

On the other hand, Figure 2 illustrates the relationship between the decorrelation of the channel and its variations in terms of power. From a) it can be seen that when a single receive antenna is in use and the channel is completely uncorrelated, a UE might need up to 20dB in order to adjust its power to the new channel conditions, while b) shows that the fact of using two receive antennas helps to reduce the fading deepness through the diversity gain, but in any case up to 15dB might be needed by the UE to get recovered from a deep fading.
If we compare the above estimated coherence time against the longest values (i.e., 32, 40, 64, 80, 128, 160 subframes) defined in the standard to be used for the UE DTX cycle 2, we will realize that all of them will lead to completely uncorrelated transmission re-establishments. On the other hand, it is important to note that the decorrelation gets extended as the UE speed increases (e.g., a UE moving at 10km/h will correspond to a coherence time ≈13.5ms), and because of that even shorter gaps are exposed to undergone the same behaviour as it is shown in Figure 3.
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Figure 3.  Power of a faded signal versus time for a UE moving at 10km/h.
In this regard, even when a long pre-amble can alleviate the problem by helping to gradually reach the right operation point, there is a price to be paid by adding extra uplink interference and mainly in terms of latency especially envisioning a bursty traffic environment where it could take a dozen of slots to transmit a single TTI. On the other hand, it can also be inferred that the current solution somehow is like starting from scratch since after a long gap the channel would have significantly changed compared to the last power reference, and in that case up to 15slots could be required in order to achieve a proper operation. 

To further illustrate this problem, a link simulation is performed and the results are shown in Figure 4. In the plots, the simulated user has a rate of 10Mbps and transmits 2 TTI data periodically. Different DTX cycle lengths and varying numbers of preamble slots are tested. The applied channel model is pedestrian A with a user moving at 3km/h. Initial power at each burst is handled the same way as the CPC baseline, i.e., the power is set to be the same as the last slot transmission power before the gap. In the figure, BLER performance for each TTI is plotted versus its own averaged received power. Clearly, as can be seen from the figures below, the performance in TTI 2 is always better than in TTI 1, since the power in TTI 2 has had additional time to be better adjusted to the new channel conditions, thus resulting in better performance. It can also be noticed that the performance difference between the two TTIs decreases when the number of preamble slots increases. However, as noted before, the use of a long preamble has the disadvantage of adding extra interference and latency, which are crucial for bursty traffic scenarios.
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Figure 4.  BLER performance of a 10Mbps user moving at 3km/h with different DTX cycle lengths: a) 40ms; b) 80ms; c) 120ms.
Consequently, it is desirable to find new solutions that overcome the issues that arise when the UEs are subject to long data interruptions. In this regard, some of the proposals have to do with:

· Power averaging: The power samples affected by fading can be averaged in order to have a reference level from which less drastic power adjustments would be required every time a transmission is re-established.
· Power Boosting: The power reference level can be taken from the primary carrier (i.e., the slow fading behaves similar in adjacent carrier), while at the beginning of the data transmission an artificial power boosting can be added in order to anticipate the drastic power drops.

· Increased Power Level Steps: To allow having larger power levels steps in such a way that with a few number of slot preambles, the Δpower = SIRtarget-SIRmeasured can be compensated.
The above solutions are meant to be applied every time the UE is instructed by the scheduler to resume its data transmission after a long gap.

Proposal 1: To propose solutions to a power control issue that becomes more relevant when dealing with long data interruptions, but that also holds for the current standardized solution in CPC.
3 Conclusion

This contribution treats the problems behind dealing with long data interruptions, brings the motivation for improving the Power Control after long DTX on a Secondary Uplink Frequency, states some possible solutions, and makes the companies aware of an issue that also holds for the current standardized solution.  

Proposal 1: To propose solutions to a power control issue that becomes relevant when dealing with long data interruptions, but that also holds for the current standardized solution in CPC. 
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