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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

This contribution summarizes the most relevant scenarios utilized for comparing the CPC baseline, and the Lean Carrier proposal, which were initially presented in RAN1#73 [2], complemented in RAN1#74bis [3], and further extended in RAN1#75 [4].
2 Text Proposal
[----------------------------------------------- TEXT START -------------------------------------------------]
5.4.X
Evaluations on link level results
A compendium of the main link simulation results are included in Appendix B.1.1, where the performance of the CPC baseline and the Lean Carrier proposal are evaluated for several scenarios. The most relevant findings for each of the evaluated scenarios are listed below:
· Impact of DPCCH bursts on data transmission: At high bitrate, data transmissions are sensitive to even small amount of interferences created by the DPCCH bursts from CPC.  The transmission can become unstable when interfered by more than just a couple of DPCCH bursts from other users. When more dispersive channel models were evaluated the performance of CPC with respect to the Lean Carrier proposal also got biased, although it did not get unstable as it happened with earlier results evaluated at 10Mbps for the PA3 channel model. Nevertheless, it is fair to say that the TU3 and VA30 channel models were evaluated at lower data rates (5Mbps, and 2Mbps respectively) aiming at overcoming the adverse effects found in the nature of this type of channels, reason why the utilized data rates resulted to be less sensitive to the interference.
· Impact of interference on DPCCH bursts: Here the side effects originated by the fact that one or many DPCCH bursts be interfered in between data transmissions were studied. In general, it was found that if a burst gets hit by data, then an artificial power boosting will be created bringing as a consequence that the power level will be moved away from the right operation point every time a data transmission be restarted after a gap. Highlighting, that the above situation has a cumulative effect as more than one DPCCH burst be hit by data of other UEs.
· Extreme CPC settings: As a proposal for reducing the adverse effects that the DPCCH bursts could bring to a dedicated secondary carrier intended to provide high data rate services, the use of the longest DTX cycle (320ms) and the smallest DPCCH burst size (1 TTI) have been suggested. After evaluating such a scenario with the PA3, and VA30 channel models, it was found that for such a configuration the performance of CPC and the Lean Carrier proposal are quite similar. However, when more than one burst in between the data gets hit, the CPC case suffers of a cumulative power deviation even under the extreme setting.
· Variable data burst: The extreme CPC setting was proposed to be run with a constant supply of 10-TTI data burst. In this regard and aiming at further studying the feasibility of using this scheme, different lengths in the data burst were evaluated. From the performed simulations it was found that performance deteriorates quite quickly when smaller data bursts are used. This means the extreme CPC setting will have trouble supporting smaller data bursts typical of delay-sensitive traffic such as HTTP requests or SIP signaling.

· The extreme CPC setting scenario resembles more a small file upload than a bursty smart-phone traffic.
To summarize, the main findings are:

· At high data rate, the interference created by DPCCH bursts matters, especially in the case where all secondary carriers are activated to reduce initial access latency.

· When interfered by data transmissions, the DPCCH bursts lead to further performance loss. This loss increases with the number of DPCCH bursts between data transmissions.

· Extreme CPC setting may be used to reduce the performance loss due to DPCCH bursts, but it can only be used with large and frequent data transmissions. When applied to small, less predictable data bursts typical of smart-phone traffic, the performance deteriorates quickly.

[--------------------------------------------- TEXT OMITTED -----------------------------------------------]
B.1.1

Link Level Simulations Results
It was agreed in [5] to simplify the evaluation by performing simulations on a single carrier that represents the dedicated secondary carrier. Bursty traffic on the dedicated secondary carrier is modeled using periodic transmissions from one or more UEs. Comparisons are then made between the Lean carrier proposal and the baseline CPC solution.

· Lean carrier transmissions are scheduled periodically with a predefined transmission length and a predefined transmission periodicity. Two versions of the Lean Carrier are considered:  

· Lean0: The basic Lean Carrier where user DPCCH is transmitted only during data transmission, with no preambles/postambles or DPCCH bursts transmitted.

· Lean+: Lean carrier with preambles and postambles immediately before and after each burst of data transmission.
Baseline CPC transmissions are scheduled according to the same pattern as the Lean carrier users. DPCCH gating is used to reduce the control channel overhead. This means DPCCH preambles, postambles and periodic DPCCH bursts are transmitted, creating extra interference on the dedicated secondary carrier. Baseline CPC users configured on the dedicated secondary carrier can, therefore, interfere with each other even when they are not transmitting data.
B.1.1.1
Simulation scenarios and results

This section contains a comprehensive summary of the different scenarios that have been evaluated, and presents the main results and observations that were captured from the simulations. Most of the simulations were performed by using the PA 3km/h channel model, but results for the TU 3km/h and VA 30km/h channel models have been included in a complementary way aiming at further extending this study.

B.1.1.2
Impact of DPCCH bursts on data transmission

High bitrate transmission requires operation in a high RoT environment. When operating close to the pole capacity, the system can easily become unstable. The interference from the CPC bursts of non-scheduled users, although small in absolute term, can have a significant impact on the data rate of the transmitting user. The simulation results for 10 Mbps transmissions have been presented in [2]. The transmission patterns for the Lean and the CPC cases are given in Figure 1.
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Figure 1. Transmission patterns for the results shown in Figure 2 below. All cases have a 10ms data burst and a 40ms repetition cycle. For the CPC case, the data transmissions are interfered by a number of DPCCH bursts. For the Lean cases, there is no interferer.
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Figure 2. Impact of DPCCH bursts on data transmission at 10 Mbps. From left to right and top to bottom: Results of BLER vs Ec/N0 for 0, 1, 2, and 4 interfering DPCCH bursts.

The results are reproduced here in Figure 2. It can be seen that the Lean+ case in general performs slightly better than the Lean0 case. This is due to the extra preambles, which provides more opportunity (especially for small burst sizes) for power control to adapt to fast fading. Furthermore, the preambles are not being interfered. Adding interference on the preamble will narrow the gap between Lean0 and Lean+. When there is no interferer, the CPC case is by definition identical to the Lean+. When the number of interferers increases, the CPC performance decreases quite quickly and start to become unstable when there are more than two interferers. This confirms the basic premise that the performance of high bitrate transmissions is very susceptible to interference and it needs to operate in a clean environment.

Observation: 
At high bitrate such as 10 Mbps, data transmissions are rather sensitive to small interfer​ences and can become unstable when interfered by more than a couple of DPCCH bursts.
Aiming at further investigating the impact of the DPCCH burst on the Data transmissions it was agreed to perform simulations by using other ITU channel models. The performance evaluation for Lean Carrier and CPC in the case of be exposed to the channel conditions given by the TU3 channel model is shown in Figure 3.
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Figure 3. Impact of DPCCH bursts on data transmission at 5 Mbps by using the TU3 channel model. Results of BLER vs Ec/N0 for 1, 2 and 4 interfering DPCCH bursts.

Compared to the PA channel, the TU channel model results to be more dispersive (it is composed by 20 taps, while its maximum delay spread is 2.140µs) and because of that it is more challenging to achieve high date rates. As a consequence of the fact mentioned before, and aiming at reaching a 10% BLER it was decided to perform the analysis at 5Mbps. Although less severe given that the data rate was reduced, in general from Figure 3 it can be seen that the trend that was observed before in Figure 2 for case of 10Mbps also prevails here. That is, it can be noticed that even when the DPCCH bursts are tiny in terms of power, they lead to performance degradation for CPC.

Aiming at continuing with the analysis of some other channel models, the VA30 channel was also taken into consideration, which is slightly more dispersive (maximum delay spread = 2.510 µs) than the TU channel, and in addition to that, its higher speed will add more complexity to the scenario since in this case the channel is changing much more rapidly (shorter coherence time) compared to the speed of the previously studied channels. The results obtained after evaluating the same scenarios under the environmental conditions imposed by the VA30 channel model are shown in Figure 4.
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Figure 4. Impact of DPCCH bursts on data transmission at 2 Mbps by using the VA30 channel model. Results of BLER vs Ec/N0 for 1, 2, and 4 interfering DPCCH bursts.

From the above figure it can be noticed that the trend among Lean Carrier and CPC is also consistent for the VA30 channel even when the data rate was deliberately decreased up to 2Mbps aiming at managing in a better way the dispersivity and fading rapidity given by the nature of this channel. 

Observation: 
When more dispersive channel models, as it is the case of the TU and VA are used for evaluating the impact of the DPCCH burst on data transmission, it can be observed that the CPC performance can be deteriorated even if the data rate is reduced aiming at overcoming the adverse effects of this type of channels.
  B.1.1.3
Impact of interference on DPCCH bursts
It has been noted in [3] that the large fluctuation in interference in a "clean" environment may make it difficult for the DPCCH bursts used in CPC to fulfill their role in tracking fast fading and providing the right power level at the starts of data transmissions. This section presents simulations results concerning this issue.
B.1.1.3.1
Alternating data and DPCCH bursts
The scenario used in this section is depicted in Figure 5.

[image: image8]
Figure 5. Transmission pattern A for studying the impact of interference on DPCCH bursts. Two users with identical transmission pattern but transmitting 180° out of phase were simulated. The pattern consists of alternating data and DPCCH bursts separated by a gap of length T. All cases have a 6ms data burst. The gap T is varied between 10 and 80 ms giving repetition periods of 32 to 172 ms (repetition period = 2(T+6ms)). Note that in the Lean case (representing both Lean0 and Lean+), the interfering data burst is shown for illustrative purpose only, it has no effect on the other user.

The result of the simulations is shown in Figure 6. These simulations show the impact on link performance for closely spaced transmissions (up to 172 ms apart) with one DPCCH burst in between. The degradation due to the presence of the DPCCH burst is significant in all cases: a 2 to 4 dB increase in Ec/N0 at 10% BLER compared to the Lean0 case. The variation in the amount of degradation between the different cases seems to be related to correlation of the transmissions with the fast fading cycle.

Observation: 
Intervening DPCCH bursts have a significant impact on the performance of short and closely spaced data bursts.
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Figure 6. Impact of interference on DPCCH bursts case 1: Alternating data and DPCCH bursts for 10 Mbps data transmissions (pattern A). From left to right and top to bottom: Results of BLER vs Ec/N0 for transmission gaps T = 10, 20, 40, and 80 ms. The time between the starts of two data bursts by the same UE are 32, 52, 92, and 172 ms.
B.1.1.3.2
Multiple DPCCH bursts between data transmissions

Another property of smart-phone traffic is the unpredictable nature of when the next activity burst will come. As a result, there may be none or many intervening DPCCH bursts between two data trans​missions. Figure 7 shows the transmission pattern for the case where there are 3 intervening DPCCH bursts.

Figure 8 shows the performance impact when one or more of the DPCCH bursts of one user are interfered by data transmissions from other users. A clear trend of performance degradation can be seen as more and more of the DPCCH bursts are interfered with.

Observation:
The performance degradation due to DPCCH burst being interfered by data transmissions has a cumulative effect. The more the number of DPCCH bursts being interfered with the larger is the impact on the efficiency of the subsequent transmissions.


[image: image13]
Figure 7. Transmission pattern B for studying the impact of interference on DPCCH bursts. For each CPC user, a DPCCH burst of 6ms is transmitted every 86 ms and a 6ms data burst is transmitted every 4 DPCCH burst (344 ms). One, two, or all three of the standalone DPCCH bursts may be interfered by data transmissions. The simulated CPC scenarios are: 0+1, 0+1+2, and 0+1+2+3. Users 1, 2, and 3 for the Lean case are included for illustrative purpose only. They do not interfere with user 0 or with each other.
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Figure 8. Impact of interference on DPCCH bursts case 2: Alternating 1 data and 3 DPCCH bursts for 5 Mbps data transmissions. The different curves show the case where 1, 2, and 3 of the 3 DPCCH bursts are interfered by data transmissions and the comparison with the Lean carrier cases.
In order to know the implications of dealing with some other channel models for this type of scenarios, the TU3 and VA30 channels were studied as well. So, by following the same idea, the scenario depicted in Figure 7, was firstly evaluated for the TU3 channel model, which results are shown in Figure 9.
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Figure 9.  Impact of interference on DPCCH bursts case 2 for the TU3 channel model: Alternating 1 data and 3 DPCCH bursts for 5Mbps data transmissions.

By performing an inspection of the curve shown above, it can be noticed that the performance of a CPC user is degraded by the interference undergone by the DPCCH bursts. Moreover, cumulative effect takes place as more DPCCH bursts get hit by data of other users.

Continuing with the analysis, the same scenario was evaluated for the VA30 channel, with its results shown in Figure 10.
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Figure 10.  Impact of interference on DPCCH bursts case 2 for the VA30 channel model: Alternating 1 data and 3 DPCCH bursts for 2Mbps data transmissions.

When the same scenario is evaluated under the VA30 channel conditions, in general the performance for Lean Carrier and CPC with 1/3 of the DPCCH bursts hit by data at the10% BLER operating point is quite similar (To remember that VA30 was evaluated at 2Mbps aiming at being consistent with what was described at the end of the subsection 4.1; where it was stated that the data rate was decreased aiming at overcoming the adverse effects of this channel), however a bias in the performance starts to become distinguishable when 2/3 and 3/3 of the DPCCH bursts are hit by data.  

Observation:
The cumulative effect observed for the PA3 channel also prevails for the TU3 and VA30 channels. The performance of CPC gradually gets biased as more DPCCH bursts are hit by data, highlighting that although it was less evident for VA30 since it was evaluated at 2Mbps, the cumulative effect also occurred.
  B.1.1.4
Extreme CPC settings

One proposal to reduce the impact from the DPCCH bursts is to reduce the average DPCCH load due to unscheduled users. The DPCCH load can be reduced by reducing the burst size and increasing the DTX cycle. This section looks at the performance of some scenarios with extreme CPC settings, in particular, those with the longest DTX cycle (320 ms) and the smallest DPCCH burst (1 subframe + preambles and postambles) currently allowed by 3GPP.
B.1.1.4.1
Alternating data and DPCCH bursts with 20ms data bursts

The transmission pattern for this case is shown in Figure 11. It has the extreme CPC setting mentioned above and a 20ms data burst. 


[image: image17]
Figure 11. Transmission pattern for extreme CPC setting with alternating 20ms data and 2ms DPCCH bursts. The Lean case (representing both Lean0 and Lean+) are also shown for comparison.

The simulation result is shown in Figure 12 below. The performance of CPC and the Lean cases are rather close. This result is not entirely unexpected.

Normally, the use of a very small DPCCH burst and a very long DTX gap could easily lead to power control instability due to the inability to track fast fading. When factoring in a typical 2‒3 slot TPC delay, the problem becomes even worse. In the current scenario, however, the large 30-slot data burst is able to correct any power control error. Had it not been the alternating arrangement of the data and DPCCH bursts, the power control error would have accumulated over time and led to instability. We will see some indication of this in the results that follow. 

Note also that a 20ms burst at 5 Mbps will deliver 12.5 kB of data. This is a rather large packet compared to many examples of delay-sensitive traffic such as HTTP request and SIP signaling.

Observation:
For the specific scenario of an extreme CPC setting with a constant supply of 10-TTI data bursts every other DPCCH burst, the performance of CPC and the Lean carrier case are quite similar.
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Figure 12. Impact of interference on DPCCH bursts for extreme CPC setting, case 1: Alternating data and DPCCH bursts at 5Mbps transmissions.
The transmission pattern for the extreme CPC setting was also evaluated for the TU3 and VA30 channel models as it is shown in Figure 13 and Figure 14 respectively
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Figure 13. Impact of interference on DPCCH bursts for extreme CPC setting under the TU3 channel model: Alternating data and DPCCH bursts at 5Mbps transmissions. 
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Figure 14. Impact of interference on DPCCH bursts for extreme CPC setting under the VA30 channel model: Alternating data and DPCCH bursts at 5Mbps transmissions. 

Observation:
When there is a multipath diversity gain given by more dispersive channels than the PA3 channel model, it is observable that the specific scenario of considering an extreme CPC setting gets degraded for a CPC user around 0.5dB compared to lean carrier when the TU3 channel is in use, and that when the VA30 channel model enters into consideration then the lean carrier case and CPC perform quite similar. However, as it was highlighted in [5], the fact of having a 10-TTI data burst doesn't fit the behaviour of a smart phone traffic which is characterized by having only a couple of data bursts every time a user transmits, and which according to [5] deteriorates the performance of the so called extreme CPC setting.

B.1.1.4.2
Multiple DPCCH bursts between 20ms data bursts

To further study the case with extreme CPC setting, the previous scenario is extended with 3 standalone DPCCH bursts between transmissions. Details of the transmission patterns are given in Figure 15. The resulting performance is shown in Figure 16.


[image: image21]
Figure 15. Transmission pattern for extreme CPC setting with three 2ms DPCCH bursts between two data transmissions. One, two, or all three of the DPCCH bursts may be interfered by data transmissions, i.e., the simulated scenarios are: 0+1, 0+1+2, and 0+1+2+3. The Lean case (representing both Lean0 and Lean+) are also shown for comparison.

Similar to the less extreme case shown in section B.1.1.4.1, the performance of CPC can be seen to deteriorate when more and more of the DPCCH bursts are interfered with. The performance when only one out of 3 of the DPCCH bursts are hit is close to those of the Lean carrier cases, but when two or more of the bursts are hit, the performance is significantly worse.

Observation:
Despite the use of the smallest DPCCH burst of 2ms and a rather long data burst of 20ms, the trend that the performance deteriorates when more and more of the DPCCH bursts are interfered by data transmissions remains.
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Figure 16. Impact of interference on DPCCH bursts for the extreme CPC setting, case 2: Alternating 1 data and 3 DPCCH burst at 5 Mbps transmissions. The different CPC curves show the case when 1, 2, and 3 of the 3 DPCCH bursts are interfered by data transmissions. Comparison with the Lean carrier cases are also shown.
B.1.1.4.3
Different data-burst lengths

The length of the data burst is varied in order to understand the impact it has on the overall performance, data-burst lengths of 6, 10, and 20 ms have been investigated. The transmission pattern is identical to the one given in Figure 15, where all 3 DPCCH are hit by interference, except for the length of the data bursts which take on the above values for both the CPC and Lean carrier cases. The resulting performance is given in Figure 17.
As the length of the data burst decreases, the performance with extreme CPC setting can be seen to deteriorate much more quickly than that of the Lean carrier cases. The CPC case with a 6ms (3 TTI) data bursts seems to be close to becoming unstable.

Observation:
The extreme CPC setting has quite poor performance for data bursts shorter than 20 ms when compared to the Lean carrier cases. This shows that the extreme CPC setting will have trouble supporting smaller data bursts typical of delay-sensitive traffic such as HTTP requests or SIP signaling.
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Figure 17. Performance of different data burst length for max DTX cycle and min burst length scenario. From left to right and top to bottom: Data burst length = 20, 10, and 6 ms.
[------------------------------------------------- TEXT END --------------------------------------------------]
3 Conclusion
The provided text proposal on Link Level Evaluations of Lean Carrier is proposed to be included in the technical report for the study item on Further EUL Enhancements.
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