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1. Introduction

In [1] and [2], some proposals were made relating to the possible slot formats for a Fractional DL DPCH (F-DPCH). In this paper we aim to advance the discussion on some of the possibilities. 

2. Discussion

Current proposals in [1] assume that a F-DPCH would comprise only pilot bits and TPC bits. The role of the pilot bits would be to enable the F-DPCH to be power controlled, and for DL synchronisation at the UE. 

Whenever the phase reference for the DL DPCH is a primary or secondary CPICH, the dedicated pilot bits are not required as a phase reference for the TPC bits. Further, when the phase of the TPC bits is known, the UE can estimate the DL SIR directly from the TPC bits themselves. 

When the phase reference for the DL DPCH is a CPICH, it is also possible to maintain DL synchronisation at the UE without reference to the dedicated pilot bits. The error rate on the TPC commands is used to estimate when loss of synchronisation occurs, as specified in TS25.101.

We therefore believe that a useful format for the F-DPCH in the case of CPICH phase reference could include only TPC bits, without dedicated pilot bits. 

The major advantage of such a format with only TPC bits is that the efficiency in DL channelisation code usage can be significantly increased compared to slot formats containing both pilot bits and TPC bits. 

In summary, the gain in code use compared to current slot formats and compared to F-DPCH slot formats containing pilot bits is shown in the following table:

Table 1:  Code-use efficiency of slot formats with only TPC bits

	SF
	Bits per slot
	F-DPCH with pilots and TPC bits (as proposed so far)
	F-DPCH with only TPC bits (Format 1)
	F-DPCH with only TPC bits (Format 2)

	
	
	TPC bits per slot
	Pilot bits per slot
	UEs per SF256 code
	TPC bits per slot
	Pilot bits

per slot
	UEs per SF256 code
	TPC bits per slot
	Pilot bits

per slot
	UEs per SF256 code

	256
	20
	2
	2
	5
	2
	0
	10
	2
	0
	10

	128
	40
	2
	4
	3
	2
	0
	10
	4
	0
	5

	128
	40
	2
	8
	2
	2
	0
	10
	8
	0
	2.5

	64
	80
	4

	8
	1.5
	4
	0
	5
	8
	0
	2.5

	32
	160
	4
	8
	1.625
	4
	0
	5
	8
	0
	2.5


Two slot formats are shown for the F-DPCH with only TPC bits. Format 1 has the same number of TPC bits as in the Rel-99 slot formats. Format 2 has the same number of TPC bits as Rel-99 pilot bits, so that the UE’s SIR estimate for generating the TPC commands to transmit on the UL DPCCH is not degraded at all.  The same performance could also be achieved using Format 1 with a larger transmit power for the TPC bits for SF<256.

For both formats, it can be seen that much more efficient use can be made of the code tree if only TPC bits are used on the DL F-DPCH.

Next we consider the timing implications of a slot format containing only TPC bits.

Timing configuration 1:

In this configuration, the position of the TPC bits is not changed from the Rel-99 configuration, as shown in Figure 1.
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Figure 1:  Timing diagram for F-DPCH slot format with only TPC bits

This configuration has the following effects on the processing time available for the UE and Node B:

Uplink power control:

1. Time available for the UE to decode the TPC command and change the UL transmit power is unchanged. 

2. Time available for the Node B to measure the UL SIR and derive the TPC command is unchanged. 

Downlink power control:

3. Time available for the Node B to decode the TPC command received from the UE and adjust the downlink transmit power is increased by Tpilot + Tdata1.

4. Time available to the UE to measure the DL SIR and derive the TPC command to transmit in the UL is removed; an extra 1-slot delay is required.

Therefore the loop delay for the uplink power control is maintained as in Rel-99, but the loop delay for the downlink power control is increased by 1 slot.  This is the same as for “Option 2” as currently described in TR25.899, and fully satisfies the requirements set out in section 6.8.1.1.

Timing configuration 2:

In this configuration, the DL TPC field to the end of the timeslot, as shown in Figure 2. This gives the UE sufficient time to perform the DL SIR measurement and derive the TPC command to transmit on the UL DPCCH.
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Figure 2:  Timing diagram for F-DPCH slot format with only TPC bits

This has the following effects on the processing time available for the UE and Node B:

Uplink power control:

1. Time available for the UE to decode the TPC command and change the UL transmit power is increased. 

2. Time available for the Node B to measure the UL SIR and derive the TPC command is reduced by Tdata1 + TTPC. 

Downlink power control:

3. Time available for the Node B to decode the TPC command received from the UE and adjust the downlink transmit power is increased.

4. Time available to the UE to measure the DL SIR and derive the TPC command to transmit in the UL is unchanged.

Therefore this configuration maintains the loop delay for the downlink power control as in Rel-99. In addition, it may be possible to maintain the loop delay at 1 slot for the uplink power control, but with reduced accuracy for the Node B’s SIR estimate. Alternatively, the loop delay for the uplink power control may be increased by 1 slot (particularly if larger numbers of TPC bits are used as in “Format 2” in Table 1). 

This is similar in effect to “Option 1” as currently described in TR25.899.

3. Conclusions

When a CPICH is acting as the phase reference for the DL DPCH, slot formats containing only TPC bits can give significant improvements in the efficiency of code use in the DL. 

Two possible timing arrangements have been discussed. In general, it is likely to be preferable to maintain the loop delay of the uplink power control.

A text proposal for TR25.899 is attached to this document. 

4. References

[1]  R1-031073 “Fractional dedicated physical channel, discussion on multiplexing options”, Nortel Networks

[2]  R1-031074 “Text proposal on fractional dedicated physical channel”, Nortel Networks

--- Start of text proposal for TR25.899v0.2.2 ---

In cases where the phase reference for the DL DPCH is a CPICH (primary or secondary), it may not be necessary for the F-DPCH to carry dedicated pilot bits. If only TPC bits are transmitted, the number of TPC bits could be the same as in Rel-99, or could be increased to equal the number of pilot bits in Rel-99.
6.8.1.2 
F-DPCH slot structure

F-DPCH follows the same frame structure as existing physical channels, a 10 ms frame divided into 15 slots.

In the following several slot structures are discussed :

- Option 1 : pilot position is unchanged, TPC bits are advanced in time

- Option 2 : TPC position is unchanged, pilots are advanced in time
- Option 3 : same as current
- Option 4 : No pilot bits; TPC position unchanged

- Option 5 : No pilot bits; TPC position moved to end of slot
These options are illustrated below


Current DPCH slot format






Option 1

Option 2


Option 3


Option 4


Option 5

In the following, we consider that the relative timing between F-DPCH and UL DPCH for a given UE is the same as the current relative timing between DPCH and UL DPCH. This is made possible by keeping the frame and slot structure as currently seen from the UE.

6.8.1.2.1
 Option 1 : pilot position is unchanged, TPC bits are advanced in time

In this configuration, DL power control is not impacted as both UE processing timing (from reception of DL pilots to UL TPC command setting) and UTRAN processing time (from reception of UL TPC command to DL power change) is not affected by this change.

However as the position of DL TPC bits is modified both UE and UTRAN processing time for UL power control will be affected.

· UE processing time (from reception of DL TPC command to UL power change) : this time increases from 512 chips to 512 + size of Data1 field chips

· UTRAN processing time is decreased by the same amount i.e. the size of Data1 field (768 chips = 0.2ms at SF = 128 or 64 and 896 chips = 0.23ms)

These changes are illustrated on the following figure (taken from annex B of 25.214)
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UTRAN processing time depends on the SIR estimation accuracy one wants to obtain. The current slot format give UTRAN processing time of Tslot + Tdata1 –T0 - 2p which becomes Tslot - T0 - 2p

This means that the cell radius for which a one slot delay can be achieved is further reduced compared to the current situation.

6.8.1.2.2
 Option 2 : TPC position is unchanged, pilot bits are advanced in time

In this configuration, UL power control is not impacted as both UE processing time (from reception of DL TPC to UL pilot change) and UTRAN processing time (from reception of UL pilot to DL TPC command setting ) is not affected by this change.

However as the position of pilot bits is modified both UE and UTRAN processing time for DL power control will be affected.

· UE processing time (from reception of DL pilots to UL TPC command setting) : increased by size of TFCI + data2. The UE has enough processing time but information is less accurate.

· UTRAN processing time (from reception of UL TPC command to DL power change) : decreased by size of TFCI +data2. This means that the power change will be delayed to the next slot. 

These changes are illustrated on the following figure
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The impact on UTRAN processing is a delay in the power change, compared to the current implementation (assuming we are in a case where a one slot delay can be achieved), the power change will only be delayed by the size of pilot + data1 field (see above figure) i.e. 200/266s depending on the size of the pilot field. 

The objective is that the F-DPCH is power control by the UEs such that each group of TPC + pilots bits intended for one UE is transmitted at the relevant power for this UE. With option 2 this is possible however more investigation is needed on the expected cell sizes for which a one delay as in R99 is achievable.

6.8.1.2.3 
Option 3 : Same slot structure as DPCH

The main advantage with this approach is that UL and DL power control loop are not affected at all. However since there is a fixed time offset between pilot and TPC field intended for a given UE, this option will considerably limit the number of UE which can be multiplexed in the same time slot duration.

At SF = 128 there are 28 bits between TPC and pilot bits, this limits the number of UEs which can be multiplexed in a one time slot duration to 2. 

With option 3 it seems the gain in terms of OVSF codes consumption is lost i.e. 2 UEs on 1 SF = 128 F-DPCH code is equivalent to 2 UEs on SF = 256 dedicated codes (carrying only DCCH signalling).
6.8.1.2.4
 Option 4 : no pilot bits, TPC position unchanged
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This configuration has the following effects on the processing time available for the UE and Node B:

Uplink power control:

1. Time available for the UE to decode the TPC command and change the UL transmit power is unchanged. 

2. Time available for the Node B to measure the UL SIR and derive the TPC command is unchanged. 

Downlink power control:

3. Time available for the Node B to decode the TPC command received from the UE and adjust the downlink transmit power is increased by Tpilot + Tdata1.

4. Time available to the UE to measure the DL SIR and derive the TPC command to transmit in the UL is removed.

Therefore the loop delay for the uplink power control is maintained as in Rel-99, but the loop delay for the downlink power control is increased by 1 slot.  This is the same as for “Option 2” as described above, and fully satisfies the requirements set out in section 6.8.1.1.

6.8.1.2.5
 Option 5 : no pilot bits, TPC position moved to end of slot

In this configuration, the DL TPC field to the end of the timeslot. This gives the UE sufficient time to perform the DL SIR measurement and derive the TPC command to transmit on the UL DPCCH.
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This has the following effects on the processing time available for the UE and Node B:

Uplink power control:

1. Time available for the UE to decode the TPC command and change the UL transmit power is increased. 

2. Time available for the Node B to measure the UL SIR and derive the TPC command is reduced by Tdata1 + TTPC. 

Downlink power control:

3. Time available for the Node B to decode the TPC command received from the UE and adjust the downlink transmit power is increased.

4. Time available to the UE to measure the DL SIR and derive the TPC command to transmit in the UL is unchanged.

Therefore this configuration maintains the loop delay for the downlink power control as in Rel-99. In addition, it may be possible to maintain the loop delay at 1 slot for the uplink power control, but with reduced accuracy for the Node B’s SIR estimate. Alternatively, the loop delay for the uplink power control may be increased by 1 slot (particularly if larger numbers of TPC bits are used). 

This is similar in effect to “Option 1” as described above.

6.8.1.3 
Relationships with existing UTRAN features

The interactions with the following features are FFS :

· Tx diversity : which type of tx diversity scheme may be applied to F-DPCH?

· Soft handover : does F-DPCH support soft handover?

· Compressed mode : does it apply to F-DPCH?

· Power control

· Beamforming
6.8.2 
Evaluation and benefits

6.8.2.1 

Gain in code tree consumption

The number of UE which can be multiplexed on a single code obviously depends on the chosen spreading factor for F-DPCH.

In the following, a fixed SF is considered whether F-DPCH should have variable (i.e. through synchronous reconfigurations) is FFS, this is not precluded by the current description. 

The number of UE which can be multiplexed on a single code also depends on the desired number of TPC and pilots bits. In the following, we have considered existing number of pilots bits from 25.211)

	Structure
	SF
	Nb symb/slot (tot)
	Nb TPC symb
	Nb Pilot symb
	Nb Ues per code

	1
	128
	20
	1
	2
	6

	2
	128
	20
	1
	4
	4

	3
	64
	40
	1
	4
	8

	4
	32
	80
	2
	4
	13



For the cases when only TPC bits are transmitted, the number of UEs which can be multiplexed on a single code is as shown in the following Table. Format 1 assumes the same number of TPC bits as in the Rel-99 slot formats, while Format 2 assumes the same number of TPC bits as Rel-99 pilot bits.  
	Structure
	SF
	Bits per slot
	F-DPCH with only TPC bits (Format 1)
	F-DPCH with only TPC bits (Format 2)

	
	
	
	TPC bits per slot
	Pilot bits

per slot
	UEs per code
	TPC bits per slot
	Pilot bits

per slot
	UEs per code

	5
	256
	20
	2
	0
	10
	2
	0
	10

	6
	128
	40
	2
	0
	20
	4
	0
	10

	7
	128
	40
	2
	0
	20
	8
	0
	5

	8
	64
	80
	4
	0
	20
	8
	0
	10

	9
	32
	160
	4
	0
	80
	8
	0
	20


These values have to be compared with equivalent code tree consumption of data-only HSDPA users with a dedicated physical channel carrying DCCH signalling only. Each of these UEs consume one SF = 256 code for 3.4kbps SRB(see 34.108 section 6.10.2.4.1.2).

6.8.3 
Impact on other WGs

Introduction of F-DPCH in the specifications will have an impact on 25.331, 25.433 and eventually 25.423. Details are FFS.

--- End of text proposal for TR25.899v0.2.2 ---
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� Note that for SF 64, the number of TPC bits per slot in Rel-99 is 4, not 2 as currently shown in TR25.899.
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