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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.

Initial system level simulation results have been presented in [2] and system-simulation assumptions were agreed during RAN1#74bis in [3]. This contribution summarizes the results from [2] and provides further simulation results according to the agreement in [3]. 
2 Simulation Scenarios and Results
2.1 Full-buffer users with a fixed transmission pattern
The results described in this section were first presented in [2] and are summarized here for convenience. This set of simulations uses a network of 9 cells. Full-buffer users are used and each user has a periodic data transmission pattern with 4 TTI of data followed by a gap of 80 TTI. The transmission start for each user is offset from the previous by 4 TTI so that there is no gap between the transmissions and at most one user transmitting at any one time. Retransmissions are given absolute priority over new data transmissions. This means a retransmission would always steal the transmission slot for the users that follow.
This arrangement allows a maximum of 21 users to transmit in a cell. When there are more than 21 users in a cell, irrespective of whether that is due to a higher amount of offered traffic or normal traffic fluctuations, the extra users are not scheduled. Three scenarios are distinguished:
Lean0
The basic lean carrier where standalone DPCCH bursts are not transmitted and there are also no preambles or postambles accompanying data transmissions.

Lean+
Same as Lean0, but with preambles or postambles accompanying data transmissions.

CPC
The baseline CPC where DPCCH bursts and preambles and postambles are transmitted during DPCCH gating.
In the CPC case, a DPCCH burst of 2 TTI is transmitted in the gap between two data transmissions. This is illustrated in Figure 1 below.
Outer-loop power control is used to control the HARQ BLER at a 10% level for both Lean carrier and CPC users. Simulations are performed for both the PedA 3 km/h and TU 3 km/h channel models. The results are given in separate sections below.
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Figure 1. Transmission pattern used by full-buffer users. 

2.1.1 TU3 simulation results

Simulations were performed for the Lean0 and CPC case with the TU3 channel. The results are shown in Figure 2.
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Figure 2.  Simulation results for fixed transmission pattern with the TU3 channel.

The average cell throughputs between the Lean and CPC cases are very similar. This is expected since there is the same amount of offered traffic in each case and the HARQ BLER is control at 10% for all users. The difference between the two cases is in the average interference in the cells. Starting at 10 user/cell, the Lean0 case can be seen to have roughly a 2 dB lower RoT than the CPC case at the 50 percentile. 
2.1.2 PA3 simulation results

For the PA3 channel, an extra case with Lean+ was added. The results are shown in Figure 3. As before, the uplink cell throughputs for the three cases are very similar. A similar trend for the average RoT as in the TU3 case is observed—a gain of1 to 2 dB for the Lean cases over the CPC case.
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Figure 3. Simulation results for fixed transmission pattern with the PA3 channel.
2.1.3 Summary for the fixed transmission pattern scenario
Average cell throughput and average RoT has been studied for the 3 scenarios of Lean0, Lean+ and CPC using a fixed transmission pattern and different numbers of full-buffer users per cell. Due to the fixed offered load in each scenario and the same HARQ BLER target, very similar cell throughputs are seen in all case. The main difference lies in the average RoT, with the Lean0 and Lean+ cases having a gain of 1 to 2 dB over the CPC case in medium to high load scenarios.
2.2 Dynamic traffic with round-robin scheduling

This section describes new simulation results performed using dynamic traffic and a round robin scheduling.
The traffic is given by a truncated lognormal distribution for file sizes (125 ± 45 kB)  and an exponential distribution for reading times (5 s average), as they are specified in [3]. 
For the round-robin scheduling, each user is given transmission priority for a fixed number of TTIs. If the user runs out of data to send or if the number of prioritized TTIs is reached, the transmission priority goes immediately to the next user. As in the fixed pattern case, retransmissions have absolute priority over new transmissions and a user can lose some of their transmission slots due to retransmissions from previous users.
Simulations are performed with the PA3 channel for the Lean+ case and two CPC cases with different settings:


(DPCCH burst size) / (DTX cycle length) = 4ms / 160ms   and   2ms / 320ms,

where the same cycle length is used for both cycle 1 and cycle 2, and the preambles and postamble are not included in the burst sizes. The results are given in Figure 4.
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Figure 4. Comparison of average RoT (left) and average cell throughput (right) between Lean and two CPC cases with different burst sizes (4ms, 2ms) and DTX cycle lengths (160ms, 320ms).
These results show that with dynamic traffic, the difference in average RoT between Lean carrier and the CPC cases are more pronounced than with a fixed transmission pattern. At a full load of 100 user/cell, a 4 dB lower RoT can be achieved even when compared to the most extreme CPC case with the shortest possible burst size and the longest possible cycle length. 

Improvement in average cell throughput is also seen. The difference is caused by the different amount of HARQ retransmissions between the cases. 
3 Conclusion

Simulation results for a system-level evaluation of the Lean carrier have been presented. It is shown that there are already quite significant gains of 1 to 2 dB in the noise rise over thermal when a static transmission pattern is used. With dynamic traffic, the gain is even larger, close to a 4dB gain even for the most extreme CPC pattern. There is also an improvement in the average cell throughput with dynamic traffic.
Proposal: The results of this contribution, as captured in text proposal [4], are added to the Technical Report [5].
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