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1. Introduction

One of the HSDPA Enhancements studied by RAN1 for Release 6 under the Study Item “Radio link performance enhancement” was the Fractional Dedicated Physical Channel (F-DPCH). The Technical Report of this Study Item can be found in [1].

At RAN#23, a new Work Item on the "Optimisation of downlink channelisation code utilization for FDD" has been approved under the responsibility of RAN1, RAN3 being among the 2nd responsible WGs. The final Work Item description sheet was approved at RAN#24 in RP-040237. F-DPCH is now discussed under this Work Item.

F-DPCH provides means to share OVSF codes between several HSDPA data-only users (e.g. users having no conversational services) and therefore reduce the cost of the associated dedicated channel for HSDPA users. 

For information, other related topics have been or are being discussed in RAN1 such as backward compatibility with existing features ([1]) or impacts on Power Control ([2]) and in RAN2 such as impacts of mapping the SRBs on HSDPA ([3]).

The purpose of this contribution is to provide to RAN4 an overview of what Fractional DPCH is and to present corresponding CRs to 25.133 and potentially other RAN4 specifications.

2. High Level PRINCIPLES

The Rel-5 specifications mandate the set up of dedicated physical channels both in the Uplink and in the Downlink whenever a user is configured to use HS-SCCH(s) and HS-PDSCH(s).
In case all the TRBs of such a UE are mapped on HSDPA (e.g. the UE is not doing any conversational type of services), the corresponding DL DPCH will carry TPC, Pilot and possibly TFCI bits on its DPCCH channel while the DPDCH channel will carry the DCH channel on which the SRBs may be mapped (on which nothing is transmitted most of the time). Such UEs are called HSDPA data-only UEs in RAN1 work.

The main assumption in RAN1 work on Fractional DPCH is that for the HSDPA data-only UEs, the SRBs would also be mapped on HSDPA (HS DSCH) as allowed by the current specifications. 
Thus, the corresponding DL DPCH would carry only TPC and Pilot bits. It becomes then clear that there is a waste of radio resources as for each code reserved for the DL DPCH of an HSDPA data-only UE for which the SRBs are mapped on HSDPA, only a few bits are transmitted regularly and the remainder is DTX'ed.

The purpose of the Fractional Dedicated Physical Channel (F-DPCH) is to share given codes among HSDPA data-only UEs for which the SRBs are mapped on HSDPA to allow a more efficient management of the code resource, i.e. one code is time shared between different users to carry a fraction of the DPCH of a UE (the DPCCH part with TPC and Pilot bits). 
The use of F-DPCH in the DL does not affect UL normal transmission.

This principle is illustrated on the figure below :
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Figure 1: Presentation of the F-DPCH into the HSDPA transmission structure

3. Going Into details

In this figure 2, the DPCHs of UE1, UE2 and UE3 illustrate the dedicated channels associated to HS-SCCH(s) and HS-PDSCH(s) for 3 different HSDPA data-only UEs for which SRBs are mapped on HSDPA as they would be in Rel-5. 

When the DL timings of these channels are properly chosen, it appears that the code dimension is not necessary to distinguish between the UEs, so the F-DPCHs of the UE1, UE2 and UE3 can be multiplexed on the same DL Channelisation Code.
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Figure 2 : F-DCPH presentation - Slot Structure
The number of codes used to carry TPC, and potentially also Pilot bits associated to these HSDPA data-only UEs, can thus be easily decreased while maintaining the same periodicity of one slot for the transmission of this information in the downlink 

3.1 Possible Slot Structures

Up to now RAN1 has envisaged 5 different options ([1]) for the Slot Structure of the F-DPCH of a UE:
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Option 3 corresponds to the existing Rel-5 Slot Structure.

Options 1 and 2 correspond to Slot Structures where the Pilot bits are still needed, but by concatenating TPC and Pilot bits, they offer greater efficiency of the usage of the F-DPCH.

Options 4 and 5 correspond to Slot Structures where only TPC bits are needed, again increasing the efficiency of the F-DPCH.

The choice of the appropriate slot structure (s) is a RAN1 decision and will take into account many Layer 1 constraints as well as the number of UEs that might be multiplexed onto the same code.

3.2 Backward compatibility and RAN4 impacts
To reuse as much as possible the current structure and procedures currently defined for the R99 DPCH is the main idea of the definition of this F-DPCH. 

Taken from the RP-040222, TR25.899 v2.0.0 :

“The purpose of the Fractional Dedicated Physical Channel (F-DPCH) is to share given codes among HSDPA data-only users to allow a more efficient management of the code resource. The following requirements apply :

· UL timing is kept unchanged 

· UL inner loop power control periods are maintained

· layer 1 synchronisation should – if possible- not be affected

· UL dedicated channel can be established in association to F- DPCH in the DL to avoid reconfiguration when switching to F-DPCH

· Downlink power control can be applied on F-DPCH to avoid transmitting at the maximum power
In order to fulfil these requirements and maximise the number of UE which can be multiplexed on one code, it is assumed that :

· DCCH signalling is carried on HS-DSCH

· UE specific TPC bits are present to maintain UL power control loop for each UE

· Pilot bits are present to allow the F-DPCH to be power controlled and allow DL synchronisation to be maintained by each UE. “
Looking at the several following RAN1 conclusions, the F-DPCH is defined in a transparent way compared to the classical R99 DPCH. 
	Agreement (if F-DPCH is introduced)
	

	F-DPCH is a dedicated sub-multiplex of a given OVSF code

The UE receives one TPC command per slot

Need for new slot format(s) is FFS.
	Definition

	primary or secondary scrambling
	Scrambling
	Structure

	Fixed (SF=256)
	SF
	

	1 slot format with pilots. TBD to have 2nd slot format without pilots
	Pilots bits
	

	Inner + outer loop (tbd, or other mechanism to control the SIR target)
	Power control

	Primary/dedicated/secondary common pilot

(same as on HS-DSCH)
	Phase reference

	Supported

No transmission time reduction method applied

Same scrambling code and SF

Power control recovery mechanisms
	Compressed mode

	STTD or closed loop mode 1 (same as on HS-DSCH), 
closed loop may be difficult in slot formats without pilots (tbd)
	Tx diversity

	FFS, consider also power control timing evaluation in the TR
	UL/DL
	Timing

	Need for CFN or equivalent virtual frame number FFS (RAN2)
	CFN
	

	Same as for ordinary DPCH
	TPC command combining

	Based on “DPCCH” quality criterion (inform RAN4 when decision taken)
	Synchronisation primitives

	FFS (subset of measurements for DPCH)
	Measurements

	Yes
	Soft handover support


Main items, like Compressed Mode, Soft and Hard HO or Synchronisation will be performed by reusing classical procedures. 
The impacts foreseen are about the best way to power-control this channel (see evaluation in the TR and proposed Cr see ref [14] ) and of course the choice of the possible slots structure.
Some of the definitions of the UTRAN/UE measurements need also to be updated to take into account the F-DPCH configuration.  Measurements impacted are: UE Rx-Tx time difference, Transmitted Code Power and Round Trip Time. See ref [13] on 25.215. 

Based on those RAN1 conclusions, it should not be too disruptive to introduce the F-DPCH into the RAN4 specifications as in most of the main functions, it will take the place of the classical DPCH.
4. Conclusion

In this contribution, we have presented the principle of the F-DPCH channel. Many details are available in [1] and various papers already discussed in RAN1, RAN2 and RAN3 (see references).  A draft CR to the 25.133 is presented for information in R4-040618.
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