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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 utilisation" 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. The purpose of this contribution is to provide to RAN3 an overview of what Fractional DPCH is. Other contributions will discuss the potential impacts on RAN3 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. 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. In this figure, 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. 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.

[image: image1]
The number of codes used to carry TPC and potentially also Pilot bits associated to these HSDPA data-only UEs and still maintain the same periodicity of one slot for the transmission of this information in the downlink can thus be easily decreased.

3. Going Into details

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:
[image: image2.wmf]vvv

 

 Radio frame 

 

with 

 

(SFN modulo 2) = 0

 

 Radio frame 

 

with 

 

(SFN mo

dulo 2) = 1

 

P

-

CCPCH

 

Any CPICH

 

10 ms

 

 

10 ms

 

 

Subframe

 

#0

 

0

 

Subframe

 

#

 

1

 

Subframe

 

#2

 

2

 

Subframe

 

#

 

3

 

Subframe

 

#

 

46

 

Subframe

 

#

 

5

 

Subframe

 

#

 

6

 

Subframe

 

#9

 

7

 

HS

-

PDSCH

 

Subframes

 

UL 1 DPCCH

 

Ttx_diff

 

t

 

DPCH1

 

 

UE 1 DPCH

 

t

 

DPCH2

 

 

t

 

DPCH3

 

 

T0

 

F

-

DPC

Hs of each

 

UE multiplexed on

 

the same DL code

 

TPC + pilot bits for 

1 slot

 

 

UL 2 DPCCH

 

UL 3 DPCCH

 

UE 2 DPCH

 

UE 3 DPCH

 


Current DPCH slot structure

F-DPCH

Option 1

Option 2

Option 3

Option 4

Option 5

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.

3.2 Multiplexing on the F-DPCH depending on Options

In Rel-5, a "DPCH frame offset" is sent to the UE to indicate the "Offset (in number of chips) between the beginning of the P-CCPCH frame and the beginning of the DPCH frame. This is called (DPCH,n in TS 25.211" (this text is extracted from TS 25.331 § 10.3.6.21). This parameter is defined as an Integer (0..38144 by step of 256). The rationale for the 256 chips boundary is to guarantee DL orthogonality.

On the UTRAN side, a "Frame Offset" and a "Chip Offset" information are sent by the SRNC to the Node B to achieve the same purpose. As indicated in TS 25.402 § 5, "Frame Offset + Chip Offset (sent via NBAP) are in Node B rounded together to closest 256 chip boundary."

As it is, in Rel-5, the DPCH and the channelisation code are one and the same. However, from a layer 1 perspective, in order to guarantee this DL orthogonality, the real need is that the offset between the beginning of the P-CCPCH frame and the beginning of "what is transmitted" on a given channelisation code Cch,SF,n must be a multiple of 256 chips. So, from an F-DPCH perspective, once DL orthogonality of the shared Channelisation Code is ensured by a proper offset (which could be 0), UEs can be given a position defined by an offset in chips compared to the beginning of the F-DPCH frame.

In the following example, we consider that an SF 256 code is used for an F-DPCH (what is typically used in Rel-5 for a 3,4 kbps SRB on a DCH according to TS 34.108 § 6.10.2.4.1.2.2.2). Each colour indicates TPC and Pilot bits transmitted towards a given UE. Different multiplexing possibilities on the shared Channelisation Code for F-DPCHs using the Slot Formats 2 or 3 are shown depending on the selected Slot Structure option.
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The "position" of the DPCH of each UE in the F-DPCH structure in the above examples can be defined as an offset in chips compared to the slot boundary of the F-DPCH as follows:

For Option 1: 5 positions with an offset of 4*n*256 chips, with 0 ( n ( 4 (256 is the number of chips per bit for Slot Formats 2 and 3).

For Option 2: 5 positions with an offset of 4*n*256 chips, with 0 ( n ( 4 (256 is the number of chips per bit for Slot Formats 2 and 3).
For Option 3: 4 positions with an offset of 0, 256, 1024, 1280 chips.
For Option 4: 10 positions with an offset of 2*n*256 chips, with 0 ( n ( 9.

For Option 5: 10 positions with an offset of 2*n*256 chips, with 0 ( n ( 9.

Of course, these are mere examples and more complex multiplexing can occur on a shared Channelisation Code with UEs using different Slot Structure options, even possibly different Slot Formats.

4. Conclusion

In this document, the concept of Fractional DPCH (F-DPCH) is described. Based on this, it is proposed to continue the study of this feature from a RAN3 perspective. One contribution [2] presents the different topics that have been discussed at last RAN1 meeting as well as the decisions that have been made there. Another contribution [3] then details impacts of F-DPCH on Iub/Iur interfaces.
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