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1
Introduction

The Continuous Packet Connectivity (CPC) work item ([6]) opens the avenue to support multiple hundreds or more of users in per cell in CELL_DCH state.
Unfortunately the resources consumed by the F-DPCH are still significant. In particular, the timing restriction on the F-DPCH offsets introduced in Release 6 severely limits the capacity of each F-DPCH.

Contribution [5] suggests removing this unnecessary timing restriction. Contribution [3] provides UL system-level simulation results to show the effect. And finally, contributions [1] and [2] provide the change request necessary to introduce this enhancement.

2
Discussion
A goal of the CPC study item is to maximize the number of UEs that can be kept in CELL_DCH state.
A UE in CELL_DCH state consumes a certain amount of dedicated resources. These resources are limited, and therefore a cell can accommodate a limited number of UEs in CELL_DCH state.

The resources consumed are of various kinds. A list of the various dedicated resources is given in Table 1, along with their limits. These limits are computed assuming a soft-handoff overhead α of 1.5.
Table 1: Dedicated resources used in CELL_DCH state, and their limitations (α = soft-handoff factor).

	Dedicated resource
	Limiting factor

	E-RNTI (uplink)
	2^16 UEs per cell

	H-RNTI (downlink)
	2^16 UEs per cell

	Rise-over-thermal (uplink)
	Maximum tolerable RoT (typ. ~6 dB)

	E-HICH (downlink)
	40/α ≈ 27 UEs per OVSF code

	R-GCH (downlink)
	40 UEs per OVSF code

	F-PDCH (downlink)
	~6/α = 4 UEs per OVSF code


From this table it is clear that the bottleneck is by far the F-DPCH. Each F-DPCH codes (SF=256) can only accommodate 4 unique users.
Supporting, for example, 370 UEs in CELL_DCH state would therefore require 93 OVSF codes. Even if the cell only supported HSPA, this would leave only 8 of the 15 HS-PDSCH codes left to send any data. Before even sending a single byte of data 47% of the cell’s bandwidth is therefore already tied up.

Flexible F-DPCH offsets

Four aspects affect the F-DPCH capacity: the power control rate, the modulation, the soft-handoff overhead, and the constrained offsets.

The 1500 Hz uplink power control rate requires a new power control command to be transmitted to each UE every 0.67 ms, i.e. every slot. Although a reduction of the power control rate down to (for example) 350 Hz would significantly increase the F-DPCH capacity, it was not proposed because of the significance of the change.
The modulation chose for the F-DPCH is BPSK (or equivalently, QPSK with the same information sent on both branches). An SF=256 code therefore offers 3.84e6*0.67e-3/256 * 1= 10 offsets per slot. Using QPSK would double the capacity of each F-DPCH, but would be a change to the current F-DPCH as defined in Release 6 that may affect the reliability of the TPC bits.

The soft-handoff overhead is in large part a constraint of the physical deployment. Each cell in soft-handoff must send a TPC bit in order to control what can be a severe inter-cell interference problem. A soft-handoff overhead of 1.5 is typical; this implies that an average of 1.5 TPC streams must be sent to each UE. Reducing the amount of soft-handoff is desirable, but will lead to an increase in the call drop rate and uplink instability at the cost of little F-PDCH capacity gain.
Finally, the current TS25.211 specification requires all TPC bits on the F-PDCH to arrive at a given UE at the same time in order to minimize de-skewing in the UE (Figure 1).
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Figure 1: TPC commands from all cells in soft-handoff are required to arrive at the same time at the UE.

This means that in practice the cells cannot arbitrarily select the F-DPCH offset for a given UE – this offset must be coordinated with all other cells in the active-set. The result is that this effectively limits the number of offsets that can be used to 6 or 7 (see [4] for an analysis).
The most straightforward and simplest way to increase the capacity of each F-DPCH is to relax this timing constraint, and requiring the UEs to de-skew up to ~1 slot of delay. The de-skew buffer size in the UE is minimal, since the TPC only consists in 1 bit. This simple change increases the capacity of the F-PDCH by ~60%.
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Figure 2: TPC commands from different cells may have different offsets. (Proposed.)

3 Conclusion
The goal of CPC is to support a large number of users in CELL_DCH. The existing F-DPCH limitation forces the infrastructure to allocate multiple F-DPCH codes because they cannot all be fully utilized. Relaxing this constraint allows to fully utilize each F-DPCH channel, thereby maximizing the capacity benefits of CPC on the DL, while minimally affecting the UL performance.
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