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1
Introduction

One of the open issues in the specification of Closed Loop Transmit Diversity is the determination of the UE behaviour in headroom limited situations when data transmissions are ongoing. In this contribution, we discuss maximum power scaling procedures at the UE when headroom limited and propose a way forward.

2
Background
Power scaling algorithms apply when the UE is headroom limited and E-DCH transmissions are on-going. The UL DPCCH power is adjusted on a slot by slot basis based on the TPC commands received on the downlink. If the desired transmission power after taking the traffic gain factors into account exceeds the maximum transmit power, then the UE must adjust its power according to a power scaling algorithm.

For CLTD, maximum power scaling algorithms are applicable under the following scenarios:

1. The UE is configured with CLTD and is transmitting two UL pilots: DPCCH and S-DPCCH.

2. The TBS has been selected by the E-TFC selection algorithm.

3. The UE is headroom limited and since the maximum power constraint at the UE has to be met, power scaling has to be applied. This typically happens

a. During re-transmissions since the UE would not be able to re-select a new packet size to fit available headroom.

b. When power control commands cause the total transmitted power to exceed the maximum available power. 

In single carrier HSUPA, the legacy power scaling algorithm is defined as follows [1]:

· If the total UE transmit power (after applying DPCCH power adjustments and gain factors) would exceed the maximum allowed value, the UE shall firstly reduce all the E-DPDCH gain factors ed,k by an equal scaling factor to respective values ed,k,reduced so that the total transmit power would be equal to the maximum allowed power

· If any ed,k,reduced/c is less than ed,k,reduced,min /c, that ed,k shall be set to ed,k,min such that ed,k,min/c = min (ed,k,reduced,min /c, ed,k,original/c)and ed,k,reduced,min is configurable by higher layers. If the total UE transmit power would still exceed the maximum allowed value, all the betas are then scaled by a fixed additional scaling that is chosen to make the required transmit power equal to the allowed value.

Any slot-level scaling of ed or DTX of E-DPDCH is applied at layer 1 only and is transparent to higher layers.
3
Maximum Power Scaling Algorithms
Max power scaling algorithms for CLTD UE’s can be classified broadly into
· Legacy approach:

· In this scheme, the S-DPCCH is considered to be part of the total pilot transmission and is subject to the existing rules governing the power scaling on the DPCCH. 

· In this case, the gain factors of the traffic channel are reduced until
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. If additional power reduction is necessary, then equal power scaling is performed on all the physical channels until the transmit power requirement is met. 
· This scheme maintains the ratio 
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throughout the scaling process.
· Sequential Scaling:
· In this scheme, the S-DPCCH power level is scaled prior to the scaling of the DPCCH power level.
· The secondary pilot may be scaled wither prior to the scaling of the traffic gain factors or after the traffic channel have been reduced to
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· The fundamental component of sequential scaling involved modifying the ratio 
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at some point during the power scaling process if needed.
4
Receiver Processing

In order to determine the impact of the power scaling algorithms, receiver processing to determine the beam phase is considered. 

Consider CLTD operation using precoded pilots on a single path channel. The signal model can be written as:
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where 
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After de-scrambling and de-spreading the pilot channels, the received signal at Rx antenna 
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is given by
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and
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In order to determine the optimal beam phase for the next slot, the true physical channels 
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need to be computed. This can be performed by multiplying the received signal Hermitian of the precoding matrix. However, physical channels can only be recovered if 
[image: image11.wmf]a

is known to the receiver. 
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Therefore, it is imperative that the receiver have perfect knowledge of
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scaling that is applied at the transmitter. Otherwise, the estimation of the physical channels will be erroneous leading to the communication of the wrong beamforming phase which can lead to significant performance loss.
Based on the analysis above, it is considered that the ratio of the S-DPCCH to DPCCH be maintained to be constant throughout any power scaling schemes. Therefore, we propose the following:

Proposal 1: The ratio of the secondary pilot (S-DPCCH) to the DPCCH is maintained at all times.
Proposal 2:  The legacy approach to maximum power scaling is adopted in CLTD, where the S-DPCCH is considered part of the pilot transmission and is scaled only when equal power scaling is performed on all physical channels (after 
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has been reached by the traffic gain factors)

5
Conclusions

In this contribution, maximum power scaling schemes for UE’s that are configured with CLTD was discussed. Two approached were considered: Legacy approach and Sequential scaling. It was shown by analysis that, in order for CLTD to be effective (and indeed not be detrimental), the receiver would have to be aware of the ratio of the S-DPCCH to DPCCH at all times. 

In sequential scaling schemes, this ratio  
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may be modified as part of the scaling algorithm. Such modification would result in the loss of any gains that can be achieved using CLTD. Therefore, we propose the following:

Proposal 1: The ratio of the secondary pilot (S-DPCCH) to the DPCCH is maintained at all times.

Proposal 2:  The legacy approach to maximum power scaling is adopted in CLTD, where the S-DPCCH is considered part of the pilot transmission and is scaled only when equal power scaling is performed on all physical channels (after 
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has been reached by the traffic gain factors)
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