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1 Introduction

The Work Item on “Further EUL Enhancements” [1], which was approved during the RAN#62 has been addressed by the TSG RAN WG1 through RAN#1 76, and RAN#1 76bis, and several agreements have been reached [2]. Nonetheless, a topic that in the Work Item has been referred to as “improving the power control after long DTX gap on secondary uplink frequency” is still under discussion.

In RAN#1 77, this topic will be addressed again, but this time by taking into consideration a set of simulation assumptions that were agreed in [3], which will allow to have a common view on the scenarios that should be evaluated for validating the obtained results.  

So, this contribution is intended to cover the system simulation aspects that need to be addressed before asserting the potential gains that can be obtained by introducing an averaging filter that retrieves information from either the primary or secondary carrier for improving the power control after an interruption in the transmission. 
2 Improving the Power Control after DTX on Secondary Carriers
In legacy 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 in order to start instead a periodic transmission of DPCCH bursts according to a UE DTX cycle [4].

In terms of power control, whenever there is a transmission reestablishment, the power of the DPCCH is derived from the previous value that was used in the last slot before the transmission gap, which results to be a good approach as far as the channel remains correlated. Nonetheless, because of the UE mobility, or if it is static, because of its moving environment, the channel gets uncorrelated pretty fast and in those cases to take the last used value as restarting power reference level results to be a random choice. 

To provide a better solution, the average power may be used. An average DPCCH power may be obtained by filtering either the primary or the secondary uplink frequency. This has been proposed as a good trade-off between implementation complexity and the achievable gain [5].
Initial link level simulations have shown gains in static scenarios mainly in terms of BLER vs EcNo [6]. However, there are some other aspects that are out of the scope of a link simulator e.g., non-deterministic traffic, single cell behaviour, multiple Cell behaviour, impact of RoT variations on the filtered power, etc. These aspects can only be addressed by system level simulations.

Therefore the following sections contain simulations for evaluating the potential gains that can be obtained by using the proposed algorithm for improving the power control after a DTX gap versus the solution offered by the legacy.
3 Simulated Scenarios and Results

The following evaluations cover Single Cell, and Multi-Cell cases evaluated for Full Buffer and Bursty traffic scenarios by using the legacy and proposed averaging filter when the information is retrieved from the primary carrier. In this regard, since it has been pointed out that the activity on the primary carrier can lead to serious inaccuracies on the obtained averaged value, then different load activities on the primary carrier have been considered in order to quantify the adverse effects that they have on the proposed solution.
All the scenarios presented below make use of the Outer-loop power control in order to keep the HARQ BLER at a 10% level, while the transmission opportunities for each of the UEs were rotated in a TDM fashion according to a round robin scheduler that grants as maximum 5 consecutive TTIs per occasion.
3.1 Single Cell Evaluations
In the single cell evaluations a maximum of 100 UEs were considered, and both Full Buffer and Bursty Traffic scenarios were evaluated with PA3, and TU30 channel models.
3.1.1 Single Cell – Full Buffer

In this scenario every UE always has data in the buffer waiting to be sent, therefore and according to what was described at the end of section 3, the scheduler will always allocate 5 TTIs to each of the UEs aiming at keeping them in a constant rotation.
The performed analysis was focused on the quantification of the average RoT, and average cell throughput among the legacy power control after a DTX gap and the proposed averaging filter algorithm, being the performance of the proposed solution distorted by variations of the RoT on the primary carrier. The Figure 1 shows how the legacy and the proposed algorithm perform in a full buffer traffic scenario for the PA3, and TU30 channel models respectively.
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a) Secondary cell RoT for PA3
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b) Secondary cell throughput for PA3
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c) Secondary cell RoT for TU30
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d) Secondary cell throughput for TU30


Figure 1. Single Cell, Full Buffer Traffic Evaluation: Legacy Power Control after DTX gap vs proposed Averaging Filter Algorithm retrieving info from the Primary Carrier.
The results shown above compare the performance of the legacy power control after a DTX gap versus the averaging filter solution based on the primary carrier, when this last one undergoes different traffic loads which degrade the performance of the proposed solution. The traffic loads on the primary correspond to different situations, first when the traffic is stable with a mean RoT equal to 4dB, and then when the perturbations lead to have standard deviations of 0.5dB, 1dB, and 1.5dB respectively.

From the results it is possible to observe that when the RoT on the primary carrier is stable, the largest gain can be observed between the legacy and the proposed algorithm, in terms of Throughput the difference for the PA3 channel is around 1.1636Mbits and 0.4Mbits for the TU30, while the difference in terms of RoT is 1.94dB for the PA3, and 4.6dB for the TU30. The gains obtained by the proposed solution decrease as more variations take place on the primary carrier, being the difference in throughput around 0.5Mbits for the PA3, and no difference for the TU30, while for RoT, the difference in performance is 1.55dB for the PA3, and 4.3dB for the TU30.
The observed improvements in terms of throughput are connected to a decreased number of HARQ retransmissions when the averaging filter was used, however they tend to reduce when there are large variations in the RoT of the primary carrier. On the other hand, in terms of average RoT, the observed gains remained to be significant even when the variations on the RoT of the primary carrier became large.
3.1.2 Single Cell – Bursty Traffic

In the general description of the simulated scenarios it was mentioned that the scheduler grants 5 TTIs per rotation as the maximum number of granted resources, which in a full Buffer scenario are always occupied. However, when the traffic is described by a PDF that is intended to model a realistic smartphone traffic behaviour, then randomness in the transmission requests is incorporated. In this Bursty Traffic scenario the UEs most likely have the need of using only a few TTIs for a burst of data, and only on rare occasions have the need of exceeding the default maximum number of TTIs granted by the scheduler. Figure 2 shows how the legacy and the proposed algorithm perform in a Bursty traffic scenario in radio environments given by the PA3, and the TU30 channel models respectively. 
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a) Secondary Cell RoT for PA3
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b) Secondary Cell Throughput for PA3
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c) Secondary Cell RoT for TU30
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d) Secondary Cell Throughput for TU30


Figure 2. Single Cell, Bursty Traffic Evaluation:  Legacy Power Control after DTX gap vs proposed Averaging Filter Algorithm retrieving info from the Primary Carrier.
The results obtained for the Bursty Traffic scenarios do not show any improvement in terms of throughput over the legacy, however there is a clear gain in terms of RoT when the proposed filtering algorithm is used.

When the RoT on the primary carrier is stable, then the average RoT difference between the legacy and the proposed algorithm is around 2dB for the PA3 channel model, and 4.4dB for the TU30. On the other hand, when the primary carrier undergoes the largest modelled RoT perturbations, then the average RoT difference on secondary carrier is 1.9dB for the PA3 channel model, and 4.2dB for the TU30.     

A similar trend in terms of average RoT is observed compared to what was seen in section 3.1.1., that is, the gains in the average RoT after introducing the filtering algorithm prevail regardless of the channel model and variations on the RoT of the primary carrier. 
3.2 Multi-Cell Evaluations

The multi-cell scenario considers a network composed by 9 cells, where the maximum number of UEs per cell is 100, and the PA3 and TU30 channel models are used for evaluating both Full Buffer and Bursty Traffic models. The system was evaluated with and without the proposed filtering algorithm. The Figure 3 shows the Multi-Cell evaluation in a full buffer traffic scenario for the PA3, and TU30 channel models respectively.
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a) Full Buffer - Secondary Cell RoT for PA3
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b) Full Buffer – Secondary Cell Throughput for PA3
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c) Full Buffer – Secondary Cell RoT for TU30
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d) Full Buffer – Secondary Cell Throughput for TU30


Figure 3. Multi-Cell, Full Buffer Traffic Evaluation: Legacy Power Control after DTX gap (blue) vs proposed Averaging Filter Algorithm retrieving info from the Primary Carrier (brown).
In the Full Buffer evaluation, the average throughput observed per Cell in the case of the averaging filter seems to offer a gain over the legacy. Nevertheless, the overall system throughput results to be almost the same in both cases. On the other hand, the real gain comes from the comparison on the per Cell RoT which is confirmed through the overall system RoT, where the gains went from 1dB to 2dB for PA3 and TU30 channel models respectively. 

The Figure 4 shows the Multi-Cell evaluation in a Bursty Traffic scenario for the PA3, and TU30 channel models respectively.

	[image: image13.png]Average RoT (dB)

Legacy power control after a DTX gap vs the proposed averaging filter algorithm
Average RoT

14
Ave System Throughput Legacy: 12.3529dB

Avg System Throughput Averaging filter: 10.1722d8

12

12 3 4 5 6 1 8 9
Cell Number




a) Bursty Traffic - Secondary Cell RoT for PA3
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b) Bursty Traffic – Secondary Cell Throughput for PA3
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c) Bursty Traffic – Secondary Cell RoT for TU30
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d) Bursty Traffic – Secondary Cell Throughput for TU30


Figure 4. Multi-Cell, Bursty Traffic Evaluation:  Legacy Power Control after DTX gap vs proposed Averaging Filter Algorithm retrieving info from the Primary Carrier.
In the Bursty traffic scenario, the average throughput per Cell shows a slight gain in favour of the averaging algorithm, which when quantified in the overall system throughput resulted to be 85.7Kbits and 27.2Kbits for the PA3 and TU30 channel models respectively. However, once again the real gain brought by the averaging filter has to do with the improvement in the average RoT, which for the overall system went from 2.1807 dB to 4.7863dB for the PA3 and TU30 channel models respectively.  
Proposal 1: Consider the gains observed in the System Level Evaluations for improving the power control after DTX on secondary carriers.

Proposal 2: Incorporating the averaging filter algorithm described in [6] for improving the initial power after a DTX gap.

4 Conclusion

This contribution treats the system level aspects for evaluating the performance of an averaging filter which is intended to improve the value of the initial power reference level when a data transmission is re-established after a DPCCH gap.

In a concrete way, this paper compares the legacy solution versus an averaging filter which retrieves information about the fading and the path-loss situation from the primary carrier. The performed analysis was split in two parts, the first one encompassing Single Cell evaluations, and the second with an entire network used for addressing the Multi-Cell evaluations.  
For the single cell case, the observed gains in terms of RoT for a Full Buffer scenario were in a range from 1.55dB to 1.94dB for the PA3 channel, and were higher for the TU30 channel model in a range from 4.3dB to 4.6dB dBs. Regarding the Bursty Traffic scenario, the gains went from 1.9dB to 2dB in the case of the PA3 channel, and again were higher in the range from 4.2dB to 4.4dB for the TU30 channel model.
For Multicell case, a similar trend was observed, and largest benefit observed was related to an improvement in the System RoT. In this regard, for the Full Buffer scenario, the observed gains in the overall system RoT were 1dB and 2dB for the PA3 and TU30 channel models respectively, while for the Bursty Traffic scenario the obtained gains were around 2.1dB and 4.7dB respectively for the same type of channels mentioned before.
In general, this paper has shown that there is an improvement in the system performance when the initial power reference level of a previously interrupted transmission comes from an averaged value instead of a reference level that comes from the last used value which can be easily outdated after the channel gets uncorrelated.    
In summary, the main observations are:

1. The proposed solution has a significant gain over the legacy solution for the studied scenarios.

2. The gain is affected somewhat by the fluctuation in the primary RoT, but the variation is small compared to the overall gain.
Proposal 1: Consider the gains observed in the System Level Evaluations for improving the power control after DTX on secondary carriers.

Proposal 2: Incorporating the averaging filter algorithm described in [6] for improving the initial power after a DTX gap.
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