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1
Introduction

The Fractional DPCH (F-DPCH) has been proposed by Nortel in the context of HSDPA enhancements to be included in Rel-6. The status of the working assumptions about F-DPCH after RAN1 #38bis is summarized in Annex A.

Siemens has submitted a contribution to RAN1#38bis [1] detailing technical concerns regarding the F-DPCH concept.
One of the main concerns is that the F-DPCH concept introduces a TDMA component and thus contradicts the FDD WCDMA principles, leading to most of the indicated backward compatibility problems and the problematic interactions with existing UTRAN features as explained in [1].

In this document we describe possible alternatives based on a low rate DPCCH with SF=512, discuss their complexity related to both UE and UTRAN and compare the solutions vs. the F-DPCH concept.
In this connection it should be noted that the number of channelization codes is not necessarily the limiting factor concerning the number of supportable users. The interference produced by the associated DPCH's plays a very important role as well.

2
Low Rate DPCCH for HSDPA Users

In order to achieve DL code saving in the case of HSDPA data only users, we propose to introduce a low rate DPCCH with a spreading factor (SF) of 512, which provides a constant code saving gain of 2 against the reference case of SF=256.
Furthermore, the higher SF=512 would also allow to consider a 3dB lower transmit power.

Due to the fact that this solution fits better with the FDD WCDMA concept, it is believed that this results in less backwards compatibility issues and problematic interactions with existing UTRAN features.

The fundamental assumption of the F-DPCH concept is a mapping of SRBs i.e. RRC signalling from the DL DPDCH to the associated HS-DSCH.

Note: At RAN #25 CRs in [3] were approved to remove this possibility from FDD in REL-5 as this functionality was believed to complicate implementations and testing.
Also in LS R1-041287 [2] 'RAN2 concluded 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' and RAN2 invited RAN1 and RAN3 to consider possible optimizations.
As both SF=512 as well as F-DPCH do not allow to cover RRC signalling on the DL DPCH this contribution is assuming that no RRC signalling is put on DL DPCH but that a mapping on HS-DSCH could be solved somehow (although it is not yet finally solved).
Two alternative solutions are discussed below regarding their feasibility and complexity.

2.1 Solution 1: Low rate DPCCH using existing slot formats (with DTX’ed Data)
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Figure 1: Frame structure for downlink DPCH

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH
Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	0
	15
	7.5
	512
	10
	0
	4
	2
	0
	4
	15

	1
	15
	7.5
	512
	10
	0
	2
	2
	2
	4
	15
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Considering slot format 0 (1 would be similar) with SF=512 it would be possible to DTX the Data2 part. This would also partially reduce the interference on a timely basis.
Benefits:
· Slot format 0 as already defined in TS 25.211 table 11 could be reused.

· Power control behaviour would not be changed.

· DTXing of data is also known from source rate control for DPDCH in case of voice.
· reduced interference due to SF=512 compared to SF=256

· Full channelization code saving gain of 2 would be achieved due to SF=512.

Drawbacks:
· The mapping of the SRB onto the HS-DSCH needs to be defined.

2.2 Solution 2: Low rate DPCCH using new slot format (with prolonged Pilot)
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH
Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	0C
	15
	7.5
	512
	10
	0
	0
	2
	0
	8
	15


This solution is similar to solution 1. The only difference is that instead of DTX’ed data the data part is substituted by a prolonged pilot field. Instead of 2 pilot symbols for SF 512 this would yield a pilot field of 4 symbols. 

Benefits

· With doubling the pilot symbols an additional gain of ~ 3 dB with regard to lower required Node B transmit power level for that channel type and will lead to a very low downlink interference level.
· reduced interference due to SF=512 compared to SF=256

· Full channelization code saving gain of 2 would be achieved due to SF=512.

Drawbacks

· As for solution 1 the mapping of the SRB onto the HS-DSCH needs to be defined.

· A new slot format with increased pilot field will be required and corresponding impacts on power control have to be studied. 
3  Timing Adjustment for Low Rate DPCCH
Both solutions are based on the usage of a spreading factor of 512 for DL DPCH which is associated to the HS-DSCH. Furthermore, as the data part is DTXed or simply not transmitted on the DPCCH parts without TFCI remain.

Although SF=512 is already included in REL-6 specifications (see TS 25.211 section 5.3.2) some restrictions are applied so far:
1. TS 25.306 section 5.1 and 5.2.2 'support for SF=512: no' so the SF=512 is not supported by default in every UE.

2. TS 25.213 section 5.2.1:
"With the spreading factor 512 a specific restriction is applied. When the code word Cch,512,n, with n=0,2,4….510, is used in soft handover, then the code word Cch,512,n+1 is not allocated in the cells where timing adjustment is to be used. Respectively if Cch,512,n, with n=1,3,5….511 is used, then the code word Cch,512,n-1 is not allocated in the cells where timing adjustment is to be used. This restriction shall not apply in cases where timing adjustments in soft handover are not used with spreading factor 512."
This means that currently some restrictions on the channelization code settings are applied if soft handover is used, i.e. below a Cch,256,n (n=0..255) not both Cch,512,m can be used at the same time.
Restriction 1. was just a simplification which could be easily resolved for the special HSPDA data only users that we are considering here in REL-6.

Note: It can be shown that a R99 UE which has to support STTD has already all necessary hardware functionality to despread SF=512.
Restriction 2. is related to the requirement in TS 25.133 section 7.2.2 that a UE shall support reception, demodulation and combining of signals of a downlink DPCH when the receive timing is within a window of 1024 chips +/- 148 chip before the transmit timing.

This means that for soft handover the different radio links need to fall in a receiver window of +/- 148 chips (i.e. of 296 chips width).
As the Node Bs can adjust their transmit timing by a 'chip offset' set by the RNC (see TS 25.433 section 9.2.2.2) based on a multiple of 256 chips (see TS 25.402 section 8.2.1) to guarantee orthogonality on a symbol basis for SF=256, the restiction was simply made for soft HO to avoid a longer description for the SF=512 case where a shift of 256 chips would just mean a half a symbol shift.
Or in other words the receiver window of +/- 148 chips was aligned with the 256 chip shifts and after SF=512 was introduced it wasn't intended to modify the receiver window at the UE but it was easier to restrict the usage for SF=512 in soft HO to avoid that 2 SF=512 channelization codes under the same SF=256 code are used in soft HO with a time difference of half a symbol for SF=512.

What does this mean now for the SF=512 low rate DPCCH?
For non soft HO UEs there is no restriction at all i.e. all 512 channelization codes can be applied without taking into account any sort of rules.

For UEs in soft HO the RNC which has to provide the chip offsets needs to take into account a few rules when allocating corresponding SF=512 channelization codes for the low rate DPCCHs:
· Assuming that in addition to radio link 1 (RL1) on channelization code Cch,512,n a UE will receive a second RL2 which should go on Cch,512,m,

· then the RNC will know by an SFN-CFN observed time difference measurement from the UE (see TS 25.402 8.2.1) whether it has to shift the RL2 by an even multiple of 256 chips (called '1 symbol shift' considering SF=512) or by an odd number of 256 chips (called 'half a symbol shift' considering SF=512).
· The only restriction that the RNC has to apply in its channelization code allocation for RL2 is that it doesn't put '1 symbol shifts' and 'half a symbol shifts' together under one SF=256 channelization code.

Taking this into account also restriction 2 is obsolete and soft HO can be applied for solution 1 and 2.
Note: Considering the fact that not all 512 channelization codes will be used for low rate DPCCHs in soft HO, these rules do in practice not limit the channelization code saving gain of 2.

4. Comparison to F-DPCH Performance
Existing slot formats using SF=256 (SF=256 is applied for F-DPCH):
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH
Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	2
	30
	15
	256
	20
	2
	14
	2
	0
	2
	15

	3
	30
	15
	256
	20
	2
	12
	2
	2
	2
	15

	4
	30
	15
	256
	20
	2
	12
	2
	0
	4
	15

	5
	30
	15
	256
	20
	2
	10
	2
	2
	4
	15

	6
	30
	15
	256
	20
	2
	8
	2
	0
	8
	15

	7
	30
	15
	256
	20
	2
	6
	2
	2
	8
	15
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Figure 2: Frame structure for F-DPCH

Proposed F-DPCH slot formats in CR R1-041306 from Nortel:

	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	F-DPCH
Bits/Slot
	max. number of users

	
	
	
	
	
	NTPC
	NPilot
	

	0
	6
	3
	256
	4
	4
	0
	5

	1
	6
	3
	256
	4
	2
	2
	5

	2
	9
	4.5
	256
	6
	2
	4
	3


Note: Nokia made a proposal in R1-041336 which could be interpreted as supporting slot format 0 above (provided that 'bits' in the corresponding table is interpreted as 'symbols' ignoring the real relation 1 symbol = 2 bits due to I/Q multiplexing).
A few observations can be made from the last table and figure 2:
1. This F-DPCH concept mandates to introduce new slot formats which due to the fact that TPC and pilot are close together would require an additional 1 slot delay in the power control loop for the UL.
2. For slot format 0 it is unclear how UL TPCs will be derived as the DL pilot is missing (see also former Philips proposal). 
Furthermore, the missing pilot will make it problematic to apply TX diversity to the F-DPCH.
Note: Nortel's Tdoc R1-041311 is proposing to apply a fixed TX power for the F-DPCH which would make UL TPCs obsolete. Nevertheless, for this case it should be questioned whether the TX power for the F-DPCH will be equal to the TX power of a broadcast channel or in other words how cell coverage and near-far problems will be addressed.
3. For slot format 1 the benefit of a 1 symbol pilot with 256 chips can be doubted or the intended transmit power should be questioned.

4. Although the claimed theoretical gain factors for these F-DPCH slot formats of 3 and 5 are higher compared to the proposed SF=512 low rate DPCCH (gain factor of 2), it should be taken into account that considering soft HO for the F-DPCH as considered as working assumption in Annex A will reduce these gain factors.
As shifting a user by 256 chips (=1 symbol) would bring a conflict with the neighbour F-DPCH a radio resource management on sub slot level would be needed to shift a user to a corresponding sub slot where it doesn't interfere with its neighbour.
But another issue that needs to be taken into account is also the interference situation: While with SF=512 low rate DPCCH the TX power and therefore the interference could be further decreased, the F-DPCH might become a fixed transmit power channel where the missing power control could further increase the interference.
5 Conclusion
In this contribution we have described different solutions for increasing the efficiency for code usage in case of HSDPA data only users believing to have identified alternatives to the usage of the F-DPCH concept proposed by Nortel.
Studying different options, two solutions are favoured based on the definition of a Low Rate DPCCH channel using a spreading factor of 512: Either DTX’ing the data field for existing slot formats 0 and 1 in TS 25.211 or using a prolonged pilot field instead of the data defining a new slot format.
In both solutions RRC signalling is required to be transported over HS-DSCH as in the case of F-DPCH.
While for these solutions a constant channelization code gain of 2 can be assumed, the impact of soft HO on the F-DPCH sub slots will further reduce the theoretical gains of 3 in practice (and 5 if either no pilot or a 1 symbol pilot is considered, however these alternatives have further open issues) so that the difference of the concepts in this respect might be rather small.
Regarding the interference contributions the low rate DPCCH alternatives have a clear benefit as the more robust SF=512 will allow transmit power reduction.
This may be especially of interest in interference limited situations.
Considering the comparison, the not yet fully solved issues for the F-DPCH (like e.g. impacts of missing DL pilot and fixed power for F-DPCH, gain reduction in soft HO) and the mapping of SRBs to HS-DSCH (see incoming LS from RAN2 [2]) we would prefer not to jump into decisions about CR proposals at RAN1 #39 without discussing consequences and alternatives in the framework of optimisation of downlink channelisation code utilization.
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Annex A: Status of F-DPCH concept after RAN1 #38

Taken from draft RAN1 #38bis report in R1-041283:

The chairman suggested having the off-line discussion based on the agreement to next 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
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