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1. Introduction

The CPC WI ([1]) introduces means to allow a large number of UEs to remain in CELL_DCH. This feature is particularly beneficial for bursty applications with a low activity factor, such as gaming, browsing, and VoIP because it enables the support of many of such users without introducing the latency of switching in and out of CELL_DCH.

The expected increase in UEs in CELL_DCH state that CPC will enable will therefore also increase the number of F-DPCH needed, as each UE is assigned one TPC stream from each cell in its active set.

Although the F-DPCH is theoretically efficient at supporting many UEs, in practice the existing Release 6 specification imposes a restriction on the Node B that severely limits the number of UEs that can be supported.
This contribution describes the problem, and suggests removing this restriction on the Node B.

2. The effective capacity of an F-DPCH
2.1. Overview of the F-DPCH

The F-DPCH carries TPC commands generated at layer 1.

From the perspective of an UE, it is a special case of downlink DPCCH (Figure 1) that only carries a TPC command in each slot. 
From the perspective of a cell, it is an SF=256 channel that carries up to 10 TPC streams for 10 different UEs (Figure 2).
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Figure 1: F-DPCH frame structure, from the perspective of a UE ([2])
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Figure 2: F-DPCH structure, from the perspective of a Node B
Figure 2 illustrates a F-DPCH as seen from a Node B. TPC bits for 10 UEs are multiplexed in time – each with their own time offset. Every 0.66 ms a new TPC command is sent to the same user.
In soft-handoff regions UEs must receive TPC commands from every cell in their active-set (Figure 3). Assuming that each UE has on average 1.5 cells in its active-set, the net capacity of an F-DPCH is 10/1.5 = 6.7 users.
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Figure 3: A UE in soft-handoff receives TPC commands from each cell
2.2. Capacity limitation of the F-DPCH as of today

Unfortunately the capacity of the F-DPCH is further reduced due to a constraint that currently exists in the Release 6 specifications. Section 4.3.2.4 of 25.214 states: 

UTRAN starts the transmission of the downlink DPCCH/DPDCH or F-DPCH for each new radio link at a frame timing such that the frame timing received at the UE will be within T0 ± 148 chips prior to the frame timing of the uplink DPCCH/DPDCH at the UE.

Referring back to Figure 3 we observe that the TPC commands from both cells arrive at the UE within a narrow time window. We will see in the example below that this limits the capacity of a F-DPCH.
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Figure 4: New UE entering soft-handoff with cell #2
Figure 4 depicts the scenario in Figure 3, but now a UE #2 is about to enter the coverage region of cell #2. The UE #2 is therefore going to add cell #2 in its active-set, and will have to receive a TPC command stream from cell #2.

In this example both UE #1 and UE #2 happen to be using the same timing offset for their TPC bit. Cell #2 therefore cannot support UE #2 on the depicted F-DPCH. It will have to either allocate a new F-DPCH, or send a re-configuration message to UE #2 to switch it to a different time offset.

This scenario only depicts 2 UEs and 3 cells. In practice this problem of offsets being taken becomes worse and worse as the number of UEs and cells increases. Eventually the capacity of each F-DPCH is seriously reduced, and in practice the capacity of the F-DPCH goes down further from 6.7 to a mere ~3-4 users per channel.
2.3. Proposed solution

We propose to remove the restriction in the specifications that for a given UE the TPC from all F-DPCH must have the same offset timing.

The change that is needed is therefore to specifically allow F-DPCH (TPC bits) to have different timing from different cells, as well as support to signal this offset separately from the RNC to each of the cells.

Section 5 proposes CR text. The modified F-DPCH is introduced such that the radio frame timeline is unchanged (UE & Node-B). The TPC bit processing time-line for a given F-DPCH is modified if slot formats 1-9 are used (UE & Node-B), but the TPC turn-around time is not changed.
Note that the modification is backward compatible with Rel-6 F-DPCH: F-DPCH slot format 0 is unchanged compared to Rel-6.

3. Conclusion
The capacity of an F-DPCH is ~3-4 users in practice. This is clearly insufficient to allow the support of the increase in number of UEs that CPC will enable.

This low capacity is due to the high power control rate of 1500 Hz, the need to send TPC commands from all cells in the active-set, as well as a restriction in the timing of the TPC bits.

This contribution suggests removing the restriction in timing of the TPC bits and allow each cell to use the best TPC offset. The UE is then required to combine TPC bits that do not arrive at the same frame offset. UE processing timing is unchanged.
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5. CR for TS 25.211 (based on V7.0.0)
5.3
Downlink physical channels

[…]

5.3.2
Dedicated downlink physical channels

There are four types of downlink dedicated physical channels, the Downlink Dedicated Physical Channel (downlink DPCH), the Fractional Dedicated Physical Channel (F-DPCH), the E-DCH Relative Grant Channel (E-RGCH), and the E-DCH Hybrid ARQ Indicator Channel (E-HICH). 

The F-DPCH is described in subclause 5.3.2.6.

[…]

5.3.2.6
Fractional Dedicated Physical Channel (F-DPCH)

The F-DPCH carries control information generated at layer 1 (TPC commands).

Figure 12B shows the frame structure of the F-DPCH. Each frame of length 10ms is split into 15 slots, each of length Tslot = 2560 chips, corresponding to one power-control period. The offset NOFF may be different for each cell in the active-set. The DPCH (DPCCH/DPDCH) timing relation with uplink DPCCH/DPDCHs is described in subclause 7.6.
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Figure 12B: Frame structure for F-DPCH

The exact number of bits of the OFF periods and of the F-DPCH fields (NTPC) are described in table 16C. Each slot format corresponds to a different set of OFF periods within the F-DPCH slot.
Table 16C: F-DPCH fields

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	NOFF1

Bits/Slot
	NTPC 

Bits/Slot
	NOFF2

Bits/Slot

	0
	3
	1.5
	256
	20
	2
	2
	16

	1
	3
	1.5
	256
	20
	4
	2
	14

	2
	3
	1.5
	256
	20
	6
	2
	12

	3
	3
	1.5
	256
	20
	8
	2
	10

	4
	3
	1.5
	256
	20
	10
	2
	8

	5
	3
	1.5
	256
	20
	12
	2
	6

	6
	3
	1.5
	256
	20
	14
	2
	4

	7
	3
	1.5
	256
	20
	16
	2
	2

	8
	3
	1.5
	256
	20
	18
	2
	0

	9
	3
	1.5
	256
	20
	0
	2
	18


In compressed frames, F-DPCH is not transmitted in downlink transmission gaps given by transmission gap pattern sequences signalled by higher layers.

The relationship between the TPC symbol and the transmitter power control command is according to table 13.

5.3.3
Common downlink physical channels

5.3.3.1
Common Pilot Channel (CPICH)

The CPICH is a fixed rate (30 kbps, SF=256) downlink physical channel that carries a pre-defined bit sequence. Figure […]
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