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Summary

The contribution contains the rationale and requirements for a TDD uplink power-control performance test for the UE. 

Introduction

The TDD uplink transmission for UEs in connected Mode is based on Open Loop Power Control. 

From TS 25.331 (see V3.20, section  8.5.9 Open loop power control), extracting only the material that applies to UL dedicated channels, 

"For TDD the UE shall calculate the UL transmit power according to the following formulas for…… DPCH… continuously while the physical channel is active:

…..for uplink dedicated physical channels:

PDPCH = (LPCCPCH+(1-()L0 + IBTS + SIRTARGET+ DPCH Constant value
PDPCH :
Transmitter power level in dBm,

LPCCPCH:
Measure representing path loss in dB (reference transmit power "Primary CCPCH Tx Power" is broadcast on 

BCH in system information block 14).

L0:
Long term average of path loss in dB

IBTS:
Interference signal power level at cell's receiver in dBm ("UL Interference" is broadcast on BCH in system information block 14 for each active uplink timeslot).

(:
( is a weighting parameter, which represents the quality of path loss measurements. ( may be a function of the time delay between the uplink time slot and the most recent down link PCCPCH time slot. ( is calculated at the UE.

SIRTARGET:
Target SNR in dB. This value is individually signaled to UEs in UL DPCH Power Control Info IEs."

Three entities share in the responsibility.

The Node B is required to measure the background interference level and report it to the RNC, and also, to insert it into System Information Block type 14.  

Note that the Node B need not function at any specified performance level, although the concept assumes that it will  follow the normal behavior of achieving lower Frame Error Rates as SIR increases.

The RNC is required to maintain an outer loop to maintain an optimal value for  SIRTARGET  and is expected to dynamically change the SIRTARGET value based on observations on uplink Frame Error Rate or Signal Quality.  

The UE is required to estimate path loss accurately and to transmit at a power level that is at the computed level.  This maps into the following UE subfunctions:

· Obtain IBTS , SIRTARGET , DPCH Constant value, and Primary PCCPCH Tx Power from the Broadcast Channel

· Derive an accurate estimate of long term path loss.
  Loss (dB)  = CCPCH Tx Power-Measured Received PCCPCH Power

   L0  = Long term average (Averaging filter and time constants not specified; left for UE design)

· Derive an accurate estimate of most recent path loss.
   LPCCPCH   = Loss, based on most recent measurement

· Apply an optimum weighting algorithm, i.e. select (
Recommended value, ( = (N-1)/6 where 
                                    N = slot of UL transmission - slot of PCCPCH transmission
· Ensure that the actual change in output power level equals the commanded change in power level within required tolerances.
     Transmitted UL Power = Commanded Power + Transmit Power Error
Note that there is an error in the TS25.331; the path loss may also be calculated from a beacon transmission.  

The P-CCPCH serves as a beacon, but a dedicated beacon can also be inserted, typically in the P-CCPCH slot +8,  Also, 25.331 refers to CCPCH power, while other documents refer to PCCPCH.  It is assumed that these errors will be easily corrected.

System Performance Issues

A system level test that quantifies the performance of UL Open Loop Power Control would depend on the individual peformance of the RNC, the Node B and the UE.  The most critical and challenging component of this system process is the RNC algorithm that selects the optimal value for SNRTarget.  The objective is to set the target to the lowest value that ensures that the resultant Frame Error Rate  (FER) will be below the specified upper limit.  This SNRTarget should take into account all factors, including 

· the UE's DL received power measurement uncertainty

· the Node B's UL interference measurement, IBTS, uncertainty

· the error in current value of IBTS due to drift from the most recent Node B measurement of that quantity.

· the accuracy of setting the UL power levels to the commanded level

· the drift in path loss between the time of UL transmission and the time of measurement (most recent beacon/PCCPCH trasnmission) 

It would be worthwhile to perform a full system level testing to verify the concept, and this testing would include a UE and Node B operating according to their specifications and an RNC process which adjusts the target.

However, TS25.102 only specifies UE performance.  It has been stated many times, especially by operators, that it is critical for the Network to have a reliable model for UE behavior.  Therefore, the test in TS25.102 must verify that the UE behaves as specified and with acceptably small measurement and power setting uncertainties.  Only system level testing will verify the overall effectiveness of the concept.

Proposal

The proposed test evaluates the ability of the UE to perform its required subfunctions.

In the intial phase, the pathloss is maintained at a constant level, the same for uplink and downlink.  The parameters are adjusted to create a reference condition where the UE transmits at a prespecified level.

In the test phase, the received downlink power is adjusted to fall by 10 dB, symptomatic of a 10 dB change in short term path loss.  Two different cases are tested.

1. The UL transmission is scheduled for the time slot immediately after the slot of the short term pathloss measurement.

2. The UL transmission is scheduled for the time slot 7 slots after the pathloss measurement.
In case 1 the correct operation for the UE is to increase its transmit power by 10 dB within specified accuracy.

In case 2 the correct operation for the UE is 

· For the immediately subsequent transmission, keep its transmit power at the steady state level (i.e. ignore the short term measurement.

· After a period of time, consistent with the time constant of the long term average process, increase its transmit power by 10 dB within specified accuracy; i.e. its long term average shall settle to the new value.  
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