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1
Introduction

The F-DPCH is theoretically efficient at supporting many UEs but in practice the existing Rel-6 specification imposes a restriction on the Node B that severely limits the number of UEs that can be supported. To alleviate this limitation [1] proposes to remove the restriction in the specifications that for a given UE the TPC from all F-DPCH must have the same offset timing. By removing this restriction the code utilization of the F-DPCH becomes optimal and therefore the code space overhead diminishes. At the same time, more users will be able to remain in CELL_DCH state since the utilization efficiency of each F-DPCH will make the cost to keep the users in CELL_DCH become considerably lower than in Rel-6. 

The only drawback identified with the proposed scheme (discussed in RAN1#46bis) is the potential impact into the UL capacity due to a larger UL power control latency. Therefore, this contribution analyzes the UL capacity impact of removing the restriction in timing of the TPC bits as described in [1] in terms of VoIP capacity as well as Best Effort (BE) system throughput. 

2
Discussion
Removal of the time alignment requirement of TPC bits on F-DPCH [1] would result in one additional slot of TPC delay for some of the UEs. In the simulations presented in this document, we assume one additional slot TPC delay for all UEs in the system. Since in typical deployments not all UEs will have F-DPCH offsets greater than 1, this is a worst case scenario. We present capacity results with one slot TPC delay and two slot TPC delay for VoIP and BE traffic cases.

2.1
UL VoIP Capacity 
We ran system level simulations based on the simulation framework described in [2]. Further details of the simulations are as follows:

- Channel mix: PA3 (30%), PB3 (30%), VA30 (20%), VA120 (20%)
- Rake receiver.
- Rx antennas at Node B: 2
- VoIP traffic source: AMR 12.2 packet sizes with Full Rate and SID frames

- Voice Activity model: Exponential on-off with 50% Voice Activity

- Average Talk Spurt 3 seconds
- TPC delay: 1 slot (current specification) and 2 slot (worst case for proposal). See annex for a depiction of the timeline.
- Max # transmissions: 4

- TTI: 2ms
- #HARQ processes: 8

- CPC: If enabled, DTX cycle 1 = DTX cycle 2 = 4, 2 preamble, 1 postamble slots

- E-DPCCH gain relative to DPCCH: +3dB (in SHO) and -2dB (not in SHO)
- HS-DPCCH gain relative to DPCCH: +2dB

- E-DPDCH gain relative to DPCCH: SID packet 8dB and Full packet 11dB

- HS-DPCCH: feedback cycle of 4 TTI
From simulations rise over thermal (RoT) statistics are collected every time slot. The following figure shows the average RoT as a function of UEs per cell. 
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Figure 1: Average RoT as a function of Number of VoIP UEs per cell, with DTX.
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Figure 2: Average RoT as a function of Number of VoIP UEs per cell, without DTX.
From Figure 1 and Figure 2 it can be seen that two slot TPC delay results in about 4% reduction in VoIP capacity, whether DTX is enabled or not. As explained above this an upper bound on the impact of the proposed redesigned F-DPCH and for typical deployments the capacity reduction will be correspondingly smaller.
2.2 UL BE Capacity
Figure 3 depicts simulation results for best-effort traffic with 10 users per cell. In this scenario the traffic is modeled as full-buffer. The degradation in capacity is similar to that of VoIP: 4 to 5% throughput loss.
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Figure 3: Effect of increased power control delay on best-effort traffic
3 Conclusion
The goal of CPC is to support a large number of users in CELL_DCH to offer an “always-on” experience to a large number of users. The existing F-DPCH limitation forces the infrastructure to allocate multiple F-DPCH codes because they cannot all be fully utilized. The proposal allows to fully utilize all the F-DPCH channels, thereby maximizing the capacity benefits of CPC on the DL, while minimally affecting the UL performance.
Worst-case simulation rsults indicate a minimal degradation of the uplink capacity in terms of VoIP capacity as well as best effort system throughput.
4
References

[1] R1-062672, “F-DPCH time alignment”, Qualcomm Europe.
[2] 3GPP TS 25.896, “Feasibility Study for Enhanced Uplink for UTRA FDD”
Annex: TPC Delay
Figure 4 depicts the 1-slot delay as simulated. Figure 5 depicts the 2-slot delay.
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Figure 4: Timeline of 1-slot delay
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Figure 5: Timeline of 2-slot delay
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