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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” is the Fractional Dedicated Physical Channel (F-DPCH) [1]. 

A Work Item on “Optimisation of DL channelisation code utilisation” was approved at RAN#23 and F-DPCH is now discussed under this work item.

The current specifications mandate the setup of dedicated physical channels both in the UL and in the DL whenever a user is configured to use HS-SCCH(s) and HS-PDSCH(s). In the case of HSDPA data-only UEs the corresponding DPCH channel will carry TPC and pilot bits on its DPCCH channel while the DPDCH channel will carry the DCH channel on which SRBs may be mapped. 
The purpose of the F-DPCH is to share given codes among HSDPA data-only users in order 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 a DPCH (the DPCCH part with power control and pilot bits). The use of F-DPCH in the DL does not affect UL normal transmission.
For a HSDPA data-only UE it is assumed that RRC signalling is carried in the DL on HS-DSCH while in UL it is carried on a DCH channel.  At last RAN2 meeting a contribution from Nortel proposed for discussion this assumption. The conclusion of the discussions was that the mapping of Signalling Radio Bearers on HS-DSCH is possible but is less robust than SRB on DCH in case of mobility and bad radio coverage [9], [10].
The next sections provide more details on F-DPCH followed by a proposal to introduce F-DPCH in RAN2 specs. Draft CRs on 25.302 and RRC are also proposed for discussion.
For the details on the introduction of F-DPCH in RAN1specifications see [3]-[8]. For the details on the introduction of F-DPCH in RAN3 specifications see [12]-[19]. For the details on the introduction of F-DPCH in RAN4 specifications see [20]. 

2
F-DPCH overview
2.1
F-DPCH 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

2.2
More F-DPCH 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 
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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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.
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
RAN1 Discussions/Decisions and Derived RAN2 impacts

The following table taken from the RAN1minutes [2] captures the F-DPCH status after the last RAN1#38bis meeting:
	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


In the following of this section we will analyze the impact of each decision on RAN2 specs.

F-DPCH definition
The following definition was agreed in RAN1 that:

· F-DPCH is a dedicated sub multiplex of a given OVSF code used to carry TPC and pilot bits to a given UE

· The UE receives one TPC command per slot
· Need for new slot format(s) is FFS
Proposal for RAN2 specifications:

Add the possibility to include new slot format (e.g; defined by the number of TPC bits or Pilot bits)
F-DPCH Scrambling Code

It was agreed in RAN1 that 

· F-DPCH can be mapped onto primary or secondary scrambling
Proposal for RAN2 specifications:

Allow the possibility to configure F-DPCH mapped onto primary or secondary scrambling
F-DPCH Spreading Factor

It was agreed in RAN1 that

· F-DPCH uses a fixed SF to carry TPC and/or pilot bits" and furthermore that this fixed SF would be "SF 256"

Proposal for RAN2 specifications:

No need to signal the Spreading Factor value but only the code number among the 256 codes of SF256.
F-DPCH Pilot Bits

It was agreed in RAN1 that 
· there will be one F-DPCH Slot Format with Pilot Bits. 
· It is TBD to have 2nd slot format without pilot bits F-DPCH Slot Format with only TPC bits (no Pilot Bit).

Proposal for RAN2 specifications:

Include the possibility to have a slot format with or without pilot bits.  RAN2 specification will be finalized after RAN1 decision.
F-DPCH Power Control

It was agreed in RAN1 that 

· Inner loop PC is TBD
· Outer loop is TBD or other mechanism to control the SIR target

Proposal for RAN2 specifications:

This will be directly reflected in the F-DPCH Slot Format, i.e. number of TPC bits.

For inner loop it is FFS whether the IE “Downlink DPCH power control information” is needed for F-DPCH.
A SIR value (or other quality target value) for outer loop PC needs to be signalled. RAN2 specification will be finalized after RAN1 decision.
F-DPCH phase reference for beamforming

It was agreed in RAN1 that
· Primary/dedicated/secondary common pilot (same as on HS-DSCH) will be used
Proposal for RAN2 specifications:

Allow that Primary/dedicated/secondary common pilot (same as on HS-DSCH) can be signalled for F-DPCH configuration.
Compressed mode

The following agreements have been reached in RAN1:

· Compressed Mode with F-DPCH is Supported
· No transmission time reduction time method applied

· Same scrambling code and SF

· Power control recovery mechanism 

Proposal for RAN2 specifications:

Compressed Mode has to be supported in the signaling. It means that all the IEs describing a transmission gap pattern are unchanged (TGPSI Identifier, TGSN, TGL1, TGL2, TGD, TGPL1 and TGPL2 IEs).
In the IE “DPCH Compressed Mode info”, the IEs “Downlink Compressed Mode Method”, “Downlink frame type”, “DeltaSIR1”, “DeltaSIRafter1”, “DeltaSIR2”, “DeltaSIRafter2” shall not be used by the UE. 

Tx diversity

It was concluded in RAN1 that:

· STTD or  Closed Loop Mode1 can be applied.

· It is FFS whether Closed Loop mode 1 can be applied for a Slot Format without Pilot Bits.

· Closed Loop Mode2 cannot be applied.

Proposal for RAN2 specifications:

Allow configuration of Tx diversity for F-DPCH.

It is proposed that constraints on the Diversity Mode to be used for F-DPCH are not shown in RAN2 specifications.
UL/DL F-DPCH timing

RAN1 status is:
· FFS consider also power control timing evaluation in the TR
Proposal for RAN2 specifications:

No impact
CFN

RAN1 status is:

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

No impact on the current definition of CFN.
TPC command combining

RAN1  status is

· Same as for ordinary DPCH
Proposal for RAN2 specifications

No impact.

Synchronisation primitives

RAN1 status is:

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

Proposal for RAN2 specifications:

No impact.

Measurements

RAN1 status is:

· FFS (subset of measurements for DPCH)

Proposal for RAN2 specifications:

Allow that current DPCH related measurements are applicable also in the case of F-DPCH.
Soft handover support

RAN1 status is:

· Yes


Proposal for RAN2 specifications:

Include in the signalling the possibility to configure F-DPCH in macrodiversity.

4. Proposal to introduce F-DPCH in RRC

Main principles

The following assumptions are proposed:
· DPCH and F-DPCH are not configured simultaneously 

· F-DPCH is not configured in RRC Connection Setup

· F-DPCH is not configured in Handover to UTRAN

· when F-DPCH is configured there are no RLC-TM RBs configured

· CFN definition is not affected when F-DPCH is configured

· The Default DPCH Offset value signalled by the RNC is used by the UE to determine the F-DPCH Frame Offset and Chip Offset  from the SFN timing in a cell (as for DPCH)
· The DPCH frame offset value signalled by the RNC is used by the UE to determine beginning of the F-DPCH frame (as for DPCH).
In order to optimize the signalling it is proposed that the F-DPCH configuration is done by introducing:

· a new R6 IE “Downlink F-DPCH info common for all RL” derived from the IE “Downlink DPCH info common for all RL” by removing unnecessary IEs for F-DPCH and adding new IEs if necessary. This new IE “Downlink F-DPCH info common for all RL” will be included in the IE ”Downlink information common for all RL”.
· a new R6 IE “Downlink F-DPCH info for each RL” derived from the IE “Downlink DPCH info for each RL” by removing unnecessary IEs for F-DPCH and adding new IEs if necessary. The new IE “Downlink F-DPCH info for each RL” is included in the IE “Downlink information for each RL”.
 The details are shown in the following.
RRC signalling details

10.3.6.18
Downlink DPCH info common for all RL
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version
	Comments

	Timing Indication
	MP
	
	Enumerated(Initialise, Maintain)
	NOTE
	
	Needed for F-DPCH

	CFN-targetSFN frame offset
	CV-TimInd
	
	Integer(0..255)
	In frame
	
	Already ignored in current specs

Not needed for F-DPCH

	Downlink DPCH power control information
	OP
	
	Downlink DPCH power control information 10.3.6.23
	
	
	Pending RAN1 decision if needed

	MAC-d HFN initial value
	CV-Message
	
	Bit string(24)
	
	REL-4
	Not needed (TM RBs are not configured simultaneously with F-DPCH)

	CHOICE mode
	MP
	
	
	
	
	

	>FDD
	
	
	
	
	
	

	>>Power offset P Pilot-DPDCH
	MP
	
	Integer(0..24)
	Power offset equals PPilot - PDPDCH, range 0..6 dB, in steps of 0.25 dB
	
	DPDCH is not configured. Not needed.

An offset between TPC and Pilot bits may be needed instead

	>>Downlink rate matching restriction information
	OP
	
	Downlink rate matching restriction information 10.3.6.31
	If this IE is set to "absent", no Transport CH is restricted in TFI.
	
	Not needed

	>>Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256, 512)
	
	
	Not needed

SF is fixed to 256

	>>Fixed or Flexible Position
	MP
	
	Enumerated (Fixed, Flexible)
	
	
	Not needed

	>>TFCI existence
	MP
	
	Boolean
	TRUE indicates that TFCI is used. When spreading factor is less than or equal to 64, FALSE indicates that TFCI is not used and therefore DTX is used in the TFCI field.
	
	Never present

Not needed

	>>CHOICE SF
	MP
	
	
	
	
	Not needed SF=256

	>>>SF = 256
	
	
	
	
	
	

	>>>>Number of bits for Pilot bits
	MP
	
	Integer (2,4,8)
	In bits


	
	0 bits pilot may be needed depending on RAN1 decisions
8 bits pilot is not needed

	>>>SF = 128
	
	
	
	
	
	

	>>>>Number of bits for Pilot bits
	MP
	
	Integer(4,8)
	In bits


	
	

	>>>Otherwise
	
	
	
	(no data). In ASN.1 choice "Otherwise" is not explicitly available as all values are available, it is implied by the use of any value other than 128 or 256.
	
	

	>TDD
	
	
	
	(no data)
	
	


	CHOICE SF
	Condition under which the given SF is chosen

	SF=128
	"Spreading factor" is set to 128

	SF=256
	"Spreading factor" is set to 256

	Otherwise
	"Spreading factor" is set to a value distinct from 128 and 256


	Condition
	Explanation

	TimInd
	This IE is optional if the IE "Timing Indication" is set to "Initialise". Otherwise it is not needed.

	Message
	This IE is not needed if the IE "Downlink DPCH info common for all RL" is included in RRC CONNECTION SETUP or HANDOVER TO UTRAN COMMAND messages. Otherwise it is optional.


NOTE:
Within the handover to UTRAN command message, only value "initialise" is applicable.

Based on the above comments the following new structure is proposed:

10.3.6.18XX
Downlink F-DPCH info common for all RL
NOTE:
For FDD only.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version
	

	Timing Indication
	MP
	
	Enumerated(Initialise, Maintain)
	
	
	

	Downlink DPCH power control information
	OP
	
	Downlink DPCH power control information 10.3.6.23
	
	
	TBC RAN1 pending if needed

	Power offset P Pilot-TPC
	OP
	
	Integer(0..24)
	Power offset equals PPilot – PTPC, range 0..6 dB, in steps of 0.25 dB
	REL-6
	New IE

Value range is TBC

RAN1 pending

	Number of bits for Pilot bits
	MP
	
	Integer (0,2,4)
	In bits


	REL-6
	New value added “0”

Is RAN1 pending

	SIR target 
	OP
	
	TBD
	
	REL-6
	New IE
RAN1 pending if needed


10.3.6.21
Downlink DPCH info for each RL

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version
	Comments

	CHOICE mode
	MP
	
	
	
	
	

	>FDD
	
	
	
	
	
	

	>>Primary CPICH usage for channel estimation
	MP
	
	Primary CPICH usage for channel estimation 10.3.6.62
	
	
	Needed

	>>DPCH frame offset
	MP
	
	Integer(0..38144 by step of 256)
	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 [26]
	
	Needed

Same for F-DPCH

	>>Secondary CPICH info
	OP
	
	Secondary CPICH info 10.3.6.73
	
	
	Needed

	>>DL channelisation code
	MP
	1 to <maxDPCH-DLchan>
	
	For the purpose of physical channel mapping [27] the DPCHs are numbered, starting from DPCH number 1, according to the order that they are contained in this IE.
	
	Not needed

F-DPCH is single code

	>>>Secondary scrambling code
	MD
	
	Secondary scrambling code 10.3.6.74
	Default is the same scrambling code as for the Primary CPICH 
	
	needed

	>>>Spreading factor
	MP
	
	Integer(4, 8, 16, 32, 64, 128, 256, 512)
	Defined in CHOICE SF512-AndCodenumber with "code number" in ASN.1.
	
	Not needed

SF=256 fixed

	>>>Code number
	MP
	
	Integer(0..Spreading factor - 1)
	
	
	Needed but values are (0..255)

	>>>Scrambling code change 
	CH-SF/2
	
	Enumerated (code change, no code change)
	Indicates whether the alternative scrambling code is used for compressed mode method 'SF/2'. 
	
	Not needed

	>>TPC combination index
	MP
	
	TPC combination index 10.3.6.85
	
	
	needed

	>>Power offset PTPC-DPDCH
	OP
	
	Integer (0..24)
	Power offset equals PTPC- PDPDCH, range 0..6 dB, in steps of 0.25 dB
	REL-5
	Not needed (DPDCH is not configured)

	>>SSDT Cell Identity
	OP
	
	SSDT Cell Identity 10.3.6.76
	
	
	Not needed

	>>Closed loop timing adjustment mode
	CH-TxDiversity Mode
	
	Integer(1, 2)
	It is present if Tx Diversity is used in the radio link.
	
	needed

	>TDD
	
	
	
	
	
	Not needed

	>>DL CCTrCh List
	OP
	1..<maxCCTrCH>
	
	DL physical channels to establish or reconfigure list.
	
	

	>>>TFCS ID
	MD
	
	Integer(1..8)
	Identity of this CCTrCh.

Default value is 1 
	
	

	>>>Time info
	MP
	
	Time Info 10.3.6.83
	
	
	

	>>>Common timeslot info
	MD
	
	Common Timeslot Info 10.3.6.10
	Default is the current Common timeslot info
	
	

	>>>Downlink DPCH timeslots and codes
	MD
	
	Downlink Timeslots and Codes 10.3.6.32
	Default is to use the old timeslots and codes.
	
	

	>>>UL CCTrCH TPC List
	MD
	0..<maxCCTrCH>
	
	UL CCTrCH identities for TPC commands associated with this DL CCTrCH. Default is previous list or all defined UL CCTrCHs.

This list is not required for 1.28 Mcps TDD and is to be ignored by the UE. 
	
	

	>>>>UL TPC TFCS Identity
	MP
	
	Transport Format Combination Set Identity 10.3.5.21
	
	
	

	>>DL CCTrCH List to Remove
	OP
	1..<maxCCTrCH>
	
	DL physical channels to remove list.
	
	

	>>>TFCS ID
	MP
	
	Integer(1..8)
	
	
	


	Condition
	Explanation

	SF/2
	The information element is mandatory present if the UE has a compressed mode pattern sequence configured in variable TGPS_IDENTITY or included in the message including IE "Downlink DPCH info for each RL", which is using compressed mode method "SF/2". Otherwise the IE is not needed.

	TxDiversity Mode
	This IE is mandatory present if any TX Diversity Mode is used on the radio link, i.e. if STTD, "closed loop mode 1" or "closed loop mode 2" is used on the radio link. Otherwise the IE is not needed.


Based on the above comments the following new structure is proposed:

10.3.6.21XX
Downlink F-DPCH info for each RL

NOTE:
For FDD only.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Primary CPICH usage for channel estimation
	MP
	
	Primary CPICH usage for channel estimation 10.3.6.62
	
	

	DPCH frame offset
	MP
	
	Integer(0..38144 by step of 256)
	Offset (in number of chips) between the beginning of the P-CCPCH frame and the beginning of the F-DPCH frame

This is called  (F-DPCH,n in [26]
	REL-6

	Secondary CPICH info
	OP
	
	Secondary CPICH info 10.3.6.73
	
	

	Secondary scrambling code
	MD
	
	Secondary scrambling code 10.3.6.74
	Default is the same scrambling code as for the Primary CPICH 
	

	Code number
	MP
	
	Integer(0..255)
	
	REL-6

	TPC combination index
	MP
	
	TPC combination index 10.3.6.85
	
	

	Closed loop timing adjustment mode
	CH-TxDiversity Mode
	
	Integer(1, 2)
	It is present if Tx Diversity is used in the radio link.
	


	Condition
	Explanation

	TxDiversity Mode
	This IE is mandatory present if STTD or "closed loop mode 1" is used on the radio link. Otherwise the IE is not needed.


5.
Conclusion

This contribution has presented the different agreements reached in RAN1 and their impact on RAN2 specifications. 

It is proposed 

· to discuss and agree on the proposals in this document 

· to review the draft CRs on 25.302 and 25.331 attached to this file.
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