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1
Introduction

 F-DPCH (Fractional DPCH) has already been discussed in RAN1 in the context of “Optimisation of DL channelisation code utilisation”. The principles of F-DPCH have been described in [1] after the Work Item was introduced.
The objective of this contribution is to identify non controversial aspects of F-DPCH and aspects requiring further discussion in RAN1 before proceeding with the CRs.

This contributions encompasses all RAN working groups aspects with a focus on layer 1 issues.
2
Discussion
The objective of the F-DPCH is to optimise the DL channelisation code resource by sharing a DL OVSF code between several data-only users to carry the DL TPC bits for those users and eventually the pilot bits. The TPC bits received by each UE will allow to power control the UL DPCCH/DPDCH in the same manner as with existing DL DPCH. F-DPCH can be configured for users supporting HSDPA and with no conversational service, it requires DCCH to be mapped to HS-DSCH (see [2]).
In this contribution, F-DPCH is considered to carry only TPC and pilot bits. It could also be used to carry E-DCH ACK/NACKs or dedicated scheduler information, This is not the object of the current contribution but could be added later on.

2.1
Overall structure
The discussions so far have only considered the use of the slot based time multiplexing of users to allow to maintain the one slot power control period. This has not raised major objections and is backwards compatible with most of the DPCH related features, it is therefore proposed to agree that F-DPCH allows a multiplexing of users on a time slot basis i.e. one TPC command is transmitted per user per slot.
In addition it should be clarified that F-DPCH designates the part of the code allocated to a given UE to carry its TPC and/or pilot bits i.e. F-DPCH is not the OVSF code which is shared between several users. It is also proposed to agree on this principle.

Proposal : F-DPCH is a dedicated time 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. 
2.1.1


Scrambling code

It is proposed to agree that scrambling code usage for F-DPCH is identical to that of DPCH i.e. F-DPCH can be mapped onto primary or secondary scrambling.
Proposal : F-DPCH can be mapped onto primary or secondary scrambling.

2.1.2


Spreading factor

In the framework of the study item, it was not discussed in details the pros and cons of having a reconfigurable spreading factor for F-DPCH. Therefore several structures were proposed considering several spreading factors from SF = 256 to SF = 32. Also at the time, we had not studied the relative merits of using a given spreading factor vs another.
At this point of time, we do not see any major benefit with allowing a reconfiguration of the F-DPCH SF, we think this would only add complexity on the UTRAN side to manage the different configuration. Also from the UE perspective we believe it is much simpler to focus only on a given value of the SF.

In our view allowing SF reconfiguration would also not bring any benefit in terms of code resource usage compared to the single SF solution if the SF is properly chosen.

It is therefore proposed to agree that F-DPCH will use a fixed SF defined in the specifications and that higher layer signalling will not allow to change the value of the spreading factor. Note that this only applies to the case when TPC and/or pilot bits are carried onto the F-DPCH. In case other signalling would be carried onto the F-DPCH different values of the spreading factor may be envisaged.
Proposal : F-DPCH uses a fixed SF to carry TPC and/or pilot bits. 
Nortel’s preference is SF = 256, the rational for this preference will be explained in more details in the following sections. From the physical layer perspective, one main advantage is that it allows to multiplex more mobiles. 
2.1.3


Pilot bits

Among the structures studied in the framework of the Study Item, 2 main structures were discussed those that include pilot bits and those that do not include pilot bits.
The main advantage of the structure without pilot bits is that it allows to multiplex a larger number of users on the same code. We believe that the concerns stated in [3] w.r.t. power control are not a show stopper to the use of a structure without pilot bits. Even if such an algorithm does not perform as well as existing power control schemes it can already improve the performance compared to a fixed F-DPCH power setting for all UEs.
Including a structure with pilot bits would allow to use some form of beamforming on F-DPCH. Ue specific adaptive beamforming may impose certain hardware constraints on the node B and may prevent the use of a single hardarware resource to generate the OVSF code carrying all F-DPCHs. Still we believe it is worth considering including the 2 structures in the specifications.
Additionnally in order to maximise the number of UEs which can be multiplexed onto a single OVSF code, we recommend that TPC and pilots bits (when configured) be continous.

Proposal : 2 slot structures are defined for F-DPCH, one with TPC and pilot bits and one with TPC bits only.
2.2
Physical layer features
2.2.1
Power control 
[4] discusses several approaches for F-DPCH power control. We are currently evaluating the different approaches and this will help the decision on the exact slot structure (number of TPC , pilots bits per slot…). Although initial evaluation lead to optimistic conclusions regarding the possibility to use a fixed power setting, further evalution seem to indicate that a more advanced power control scheme is needed. 
We would therefore recommend to wait until these evalutions are available before making a decision on the power control scheme for F-DPCH. In addition this has an impact on the exact slot structure to be defined for F-DPCH.

2.2.2
Beamforming

UE specific adpative beamforming (i.e. using dedicated pilots as a phase reference) has been discussed in 2.1.3, we believe it can be supported with F-DPCH
Fixed beamforming (i.e. with S-CPICH) as a phase reference could also be used. As indicated in 2.13 the dynamic aspects may impose some hardware constraints on the node B however we believe it is feasible if one wants to support it from in the UTRAN. From the UE perspective, this does not imply more complexity than supporting S-CPICH as a phase reference for DL DPCH.
Proposal : S-CPICH and dedicated pilots can be used as a phase reference for F-DPCH.

2.2.3
Compressed mode

When F-DPCH is configured for a UE, it still needs to perform measurements on other frequencies/RAT to ensure mobility is properly supported. However as F-DPCH does not carry any transport channel there is no need to compress the data in less than 10ms to create idle periods for the UE to monitor the other frequencies. Therefore there is no need for a transmission time reduction method as for existing DPCH but we only need to define idle periods from the UE perspective (and because the UL potentially also needs compressed mode).
As there is no “compression of the data”, the same spreading factor and scrambling code can be kept  during compressed frames and normal frames. The node B can simply DTX TPC and pilot bits during the transmission gaps, RAN1 should only agree on whether or not, this is a mandatory behaviour for the node B or if it can be left to up to the implementation whether the node B should transmit or not during the transmission gaps (and in that case the UE would simply not listen to the TPC commands).

If it is decided that the node B should DTX L1 control information during transmission gaps, the appropriate frame structure to use will depend on what kind of slot structure is retained for F-DPCH. We may be able to consider frame structure A and B as in the DPCH case or we may need to define a specific compressed mode frame structure for F-DPCH (see draft CR for 25.212).

As the 10 ms and 15 slots frame structure is kept it is proposed that compressed mode configuration is kept identical to the DPCH case. As there will be missing DL TPC commands as in the DPCH compressed mode case it is proposed to apply the power control recovery mechanisms in the same manner.

Proposal : Transmission gap pattern sequences are defined in the same manner as in the DPCH case, the same SF and scrambling code are kept during compressed and non compressed frames, power control recovery mechanisms apply.
2.2.4
Tx diversity

As F-DPCH is to be used in conjunction with HSDPA i.e. HS-SCCH and HS-PDSCH, it is proposed that only STTD is applied to F-DPCH. From a complexity perspective this is much simpler as it does not require the node B to change the antenna weights several times per slot and it also simplifies the specification of Tx diversity for F-DPCH.

However this has not really been discussed in the past in RAN1 therefore we are still open on that point if there are strong views that closed loop Tx diversity should be supported with F-DPCH.
Proposal : F-DPCH uses only open loop Tx diversity.

2.3
Configuration aspects

This section does not go into many details on the RAN2 and RAN3 aspects but rather higherlights the main aspects to be understood by RAN1 w.r.t. to F-DPCH configuration.

As a start it is proposed to consider only the case when F-DPCH is used in conjunction with an UL DCH i.e. the case with DL : F-DPCH, HS-SCCH(s), HS-PDSCH(s) and UL :  E-DPCCH, E-DPDCH, (and DPCCH?) is not considered here.

In the situation when an UL DCH needs to be setup in conjunction with an F-DPCH in the DL, the establishement can be in CELL_DCH or CELL_FACH.
In the CELL_DCH case, F-DPCH setup will occur through a reconfiguration from a DL DPCH carrying the SRBs to F-DPCH + HS-SCCH(s) + HS-PDSCH(s) with SRBs mapped onto HS-DSCH. When this is done intra-cell, potential timing offsets are known and no specific synchronisation procedure is needed as layer 1 synchronisation was obtained on the DPCH and only needs to be maintained on the F-DPCH.

In the CELL_FACH case, synchronisation procedure A can be applied using the existing synchronisation primitives.

The F-DPCH is defined for a given UE by a scrambling code, OVSF code and time offset w.r.t. P-CCPCH timing. Whether this time offset should be defined in the same manner as for DPCH or not is discussed in the following section. It has an impact on CFN definition and slot structure.
The following section discusses mobility and physical layer synchronization in more details.
2.4
Radio resource management 
2.4.1
Synchronisation primitives

Downlink synchronisation primitives are defined in 25.214 with a criterion based either on CRC check and/or  DPCCH quality. DPCCH quality is not defined explicitely but implicitely through relevant tests in 25.133.
Out-of-sync is reported when either of the criteria is met. The DPCCH quality criterion could be extended to the F-DPCH case and the -Out-of-Sync-IND primitive be re-used.

In-sync is reported when both criteria are met however when there are no transport blocks received or no transport blocks with non-zero length CRC the CRC check part of the criterion is disregarded i.e. it is assumed to be fulfilled. The F-DPCH case can be interpreted as such a case therefore we believe that if the DPCCH quality criterion is extended to the F-DPCH case, the CPHY-Sync-IND primitive can be re-used.
If existing synchronisation primitives are re-used by extending the DPCCH quality criterion to F-DPCH, we believe the existing DPCH synchronisation procedures can be re-used as they are (details of the procedures and applicability cases).

This approach has been used in the proposed draft CRs.

Proposal : DPCCH quality criterion is clarified to apply also to F-DPCH, existing physical layer synchronisation procedures are re-used. RAN4 should discuss applicability of their tests in 25.133 to F-DPCH.

2.4.2
Mobility
Soft handover

As F-DPCH is a dedicated channel, we believe it is beneficial to offer the possibility to have it in soft handover to limit the impact on UL DPCCH/DPDCH quality. It is clear though that the gains in terms of code saving may decrease in the case of soft handover because of the time multiplexing dimension ( i.e. the required timing offset may not be available on the existing shared OVSF codes on the new active set cell). However it should be kept in mind that although the gains may come to zero, the code consumption will never exceed what it is currently when setting up a DL DPCH for each data-only UE.
Alternatively since the UE is not required to soft combine the TPC commands received from active set cells we could consider changing the TPC command combining requirements i.e. is the +/-148 chips receiving window still valid when the UE is only required to combine TPC commands? This would allow to optimise the code tree consumption also in soft handover conditions.

It is proposed that synchronisation procedure B is used as for DPCH when adding new radio links in the active set (see rationale in 2.4.1).
Hard handover

Hard handover will be supported in the same manner as for existing DL DPCH i.e. from the physical layer perspective, synchronisation procedure A will apply in such a case. This also applies to a hard handover including a reconfiguration for F-DPCH to DPCH or vice-versa.
2.4.3
Timing aspects

From the physical layer perpective the timing discussions mainly relate to UL/DL timing offset and CQI reporting but this discussion and its conclusion also have an impact on how the CFN will be defined.

2.4.3.1
Physical layer
For the DPCH, the time difference between UL and DL frame boundaries is defined to be 1024 chips when initially established. This is equivalent to UL DPCCH/DPDCH frame starting 512 chips after the reception of the DL TPC bits by the UE as the total length of Data1 and TPC fields is always 512 chips.
So for the DPCH case, it should be discussed and carefully considered how we want to define the UL/DL time difference to maintain the highest level of backwards compatibility with existing dedicated channels.
Nortel does not have a strong preference and would like to seek guidance from other manufacturers including mobile manufacturers are this is very dependant on mobile implementations.

Building on what has been proposed in section 2.1.2, one possible solution to maintain backwards compatibility would be to put the TPC bits in the F-DPCH slot such that there is a “Tx off period” before the TPC field which verifies:
TTx off + TTPC = 1024 chips
It is proposed to further discuss this aspect in RAN1.

2.4.3.2
CFN definition

In order to keep the R99 concept of CFN, we can consider that the CFN boundary will be at the beginning of the “Tx off period” described in § 2.4.3.1.

In R99, the CFN is initialised in Cell_DCH state with the following equation (from 25.402):

CFN = (SFN – ((DOFFFDD * 512) div 38400)) mod 256

Then, for the subsequent Radio Links, a Frame Offset + Chip Offset is used to define the relationship between the SFN and the CFN. The Chip Offset a resolution of 1 chip and a range of 0 .. 38399. However, Frame Offset + Chip Offset (sent via NBAP) are in Node B rounded together to closest 256 chip boundary.

To fully reuse those R99 principles, the best way forward would be to have TPC field containing a multiple of 256 chips. Thus, all the positions for the multiplexing of several F-DPCHs on the same channelisation code can be defined using the already existing Frame Offset/Chip Offset mechanism.
Based on the (safe) assumption that the TPC field will contain an integer number of symbols, one simple way of achieving this is to use an SF 256.
The advantage of the approach described in the previous section is that it allows to keep the definition of the CFN unchanged and therefore it does not impact CQI reporting which is defined based on CFN.

Additional note: To fully benefit from this approach and the multiplexing effect, it could be beneficial, if an SF lower than 512 is chosen, to consider redefining the DOFFFDD so that it has a 256 chips granularity instead of the existing 512 chips granularity.

2.4.5
Measurements

Depending on how we will define the UL /DL time difference and CFN when F-DPCH is used in the DL, this may have an impact on the following UE measurements:
- SFN-CFN observed time difference

- Ue Rx-Tx time difference

Their definitions need to be extended to cover the F-DPCH case.
3
Proposal
.

The following table summarises the points proposed for decision and the ones in our view need further discussion (discussion to take place in RAN1/2/3).
	Items requiring further discussion
	Proposed decision
	

	-
	F-DPCH is a dedicated sub-multiplex of a given OVSF code
The UE receives one TPC command per slot
	Definition

	-
	primary or secondary scrambling
	Scrambling
	Structure

	256
	Fixed
	SF
	

	TPC and pilot field are continuous
	With or without
	Pilots bits
	

	
	Inner + outer loop (tbc)
	Power control

	
	Fixed and flexible
	Beamforming

	Frame structure
	Supported
No transmission time reduction method applied

Same scrambling code and SF

Power control recovery mechanisms
	Compressed mode

	Need for closed loop Tx diversity
	STTD
	Tx diversity

	1024 after UL frame start /512 after TPC reception
	
	UL/DL
	Timing

	
	
	CFN
	

	Extend the combining requirements for TPC commands to maintain the gain in SHO
	
	TPC command combining

	RAN4 to discuss need to update 25.133
	Based on “DPCCH” quality criterion

	Synchronisation primitives

	SFN-CFN observed time difference
UE Rx –Tx time difference
	
	Measurements
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