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1. Introduction

This contribution contains a text proposal for the TR (details yet to be agreed) on the new work item on Continuous Connectivity for Packet Data Users approved at RAN#29.

The text proposal is largely based on a previously discussed document [1]. Here it is proposed that at least one new DPCCH slot format is introduced which allows better optimisation of the balance between uplink DPCCH power and the error rate in the TPC commands controlling downlink power. 

2. References

[1] R1-050571, “Reduction of control channel overhead for inactive users”, Philips

------------------------------- Start of Text Proposal--------------------------------------------

x.y
New DPCCH slot format

x.y.1
Description of the concept

<Editor’s note: How does the concept solve the problems addressed by the WI?>

The primary purpose of the continuous DPCCH when data is not being transmitted is to maintain synchronisation and power control ready for a rapid resumption of data transmission when needed. 

This is different from the case when data is being transmitted, when the DPCCH also has to act as the phase reference for the data, and possibly also carry TFCI and/or FBI. 

The DPCCH slot formats which are available up to Release 6 are primarily adapted to the case when data is being transmitted, but are not necessarily suitable for minimising the overhead when the DPCCH is the only uplink channel. In particular, none of the existing DPCCH slot formats have more than 2 TPC bits, while the pilot field occupies between 5 and 8 bits, reflecting the need for sufficient pilot energy to give a reliable channel estimate for decoding data. 

One way to reduce the DPCCH overhead could therefore be to introduce a new DPCCH slot format which is better suited to the case when effectively the only data bits are the TPC bits. Typically this would involve reducing the pilot energy per slot. 

Some possible new slot formats are shown in Figure 1 to Figure 3.


[image: image1.wmf] 

Pilot

 

 N

pilot

 = 5 bits

 

TPC

 

 N

TPC

 = 5 bits

 

Slot #0

 

Slot #1

 

Slot #i

 

Slot #14

 

T

slot

 = 2560 chips, 10 bits

 

1 radio frame: T

f

 = 10 ms

 

DPCCH

 


Figure 1: One possible new DPCCH slot format (Format 1)

The slot format shown in Figure 1 has an equal number of pilot and TPC bits. Typically this optimises the pilot-to-TPC ratio if the channel phase estimation is being carried out over a single slot.
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Figure 2: A second possible new slot format (Format 2)

Figure 2 shows an example which may be better suited to a slowly-changing channel when the channel phase estimation may be averaged over a number of consecutive slots. Here the TPC field is increased in size even more than in Figure 1, thus enabling a larger reduction in DPCCH transmit power. 

A reduction in SIR target would be applied at the Node B when a slot format like those in Figure 1 or Figure 2 was being used. A power step on the DPCCH could also be applied in order for the power control loop to converge quickly. 

Reducing the DPCCH power in this way enables the uplink control channel overhead to be reduced, and hence more inactive users to be supported in CELL_DCH state. 
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Figure 3: A third possible new slot format (Format 3)

Figure 3 shows a slot format where the number of pilot bits is reduced to a suitable number for the current size of the TPC field. DTX would be used between the pilot and TPC fields. This type of slot format would give a reduction in the average overhead, with the noise rise from an individual user being discontinuous. 

Other possibilities, for example with 4 or 6 pilot bits, could also be considered, but the number of new slot formats should be minimised, preferably to a single new slot format.

x.y.2
Analysis of the concept

< Editor’s note: Calculations, simulations, gain estimations etc. might be added here.>

x.y.2.1
Simulation Results

The performance results here illustrate the potential merits of some different slot formats. 

The main simulation assumptions are as follows:

· 2GHz carrier frequency

· DPCCH SF = 256

· Non-SHO

· UL power control using PCA1 and a 1dB step size, with a 4% error rate on DL TPC commands

· Dual-antenna receive-diversity at Node B

· Uplink channel phase estimation averaged over either 1 or 3 slots

· UL channel model either AWGN or flat fading, 3km/h

Figure 4 to Figure 7 show the received Eb/N0 for a variety of different numbers of pilot and TPC bits. 
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Figure 4: Received Eb/No for AWGN channel with 1-slot channel phase estimate

[image: image5.jpg]TPC command error rate

10

10

'

e

Flat fading channel; 3kmih; 2 antenna RxDiv; 1 slot channel estimation

—==8 pilot 2 TPC
——6pilot 4 TPC
— = =5 pilot 5 TPC
———4pilot 6 TPC
——2pit 8 TPC

0 1 2 3 4
Ebi/No / dB





Figure 5: Received Eb/No for flat-fading channel with 1-slot channel phase estimate
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Figure 6: Received Eb/No for AWGN channel with 3-slot channel phase estimate
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Figure 7: Received Eb/No for flat-fading channel with 3-slot channel phase estimate

As expected, an equal number of pilot and TPC bits gives optimum performance when the channel phase estimation is being carried out over a single slot. Alternatively, some further gain can be achieved by reducing the number of pilot bits still further for the case when the channel phase estimation is carried out over a longer period (e.g. 3 slots), without losing much of the gain when the channel phase estimate is derived from a single slot. For example, a slot format with 4 pilot bits and 6 TPC bits could be a good compromise giving robust performance regardless of the averaging period of the channel estimate. 

In general, the achievable gains are shown to be in the range 2 – 4 dB.

x.y.2.2
Power control delay

Assuming that the downlink uses F-DPCH, the minimum loop delay for the uplink power control is 1 slot, while the minimum loop delay for the downlink power control is 2 slots. This is shown in Figure 8.
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Figure 8: Power control loop delays with normal F-DPCH operation

The power control loop delays with any of the new UL DPCCH slot formats proposed above are the same as with normal F-DPCH operation. Figure 9 shows an example for a slot format with 5 pilot bits and 5 TPC bits. 
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Figure 9: Example of power control loop delays with new UL DPCCH slot format

x.y.3
Pros & Cons of the concept

If one of the proposed new DPCCH formats were adopted then the advantages and disadvantages would be as follows:- 

Pros: 

· The  required DPCCH power would be reduced by around 2-4dB

· There is no impact on TPC loop delay.

· There is no impact on TPC reliability.

· The use of the new format can be configured in the same way as current formats.

Cons:

· The optimum slot format depends on what averaging period is used for the channel estimate, since a longer average will favour a format with a smaller numbers of pilot bits and a larger number of TPC bits (for the same TPC error rate). If a single new format is introduced the choice may be a  compromise based on this consideration.  

· One issue to consider for slot Format 3 is the impact on EMC, since this format includes a period of DTX. This may not be a problem as the transmit power would be very low, but further evaluation would be needed. 

Other points:

· The Node B could adjust the target SIR for DPCCH depending on traffic activity (but this would add a little complexity to the Node B).

· In addition, the UE could apply a power offset to increase DPCCH power during packet transmission    

x.y.4
Open issues of the concept

· Suitable mechanisms (e.g. triggers and/or signalling) for changing the slot format are for further study, considering how frequently it may be beneficial to change the slot format. 

· The use of the new slot format in soft handover needs to be investigated. 

· The number of new slot formats that would be beneficial if introduced requires further study. For example, there may be some additional benefit from introducing more that one new slot format. 

· The use of this concept in combination with others could be considered. 

-------------------------------End of Text Proposal----------------------------------------------
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