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1. Introduction

Downlink transmit power raise algorithm is specified in 3GPP TS 25.214 and consists in blocking the inner loop power control when too many power UP commands are received during a period of time. For example, it could be used to block the power control during hard fading dips in order to save some transmit power and minimise the interference.

2. Discussion

In the RAN1 specification, the downlink transmit power raise is specified in section 5.2.1.2.2 in TS 25.214:

-------------------------------- Copy/Paste of section 5.2. 1.2.2 ------------------------------------------------------------

If the value of Limited Power Increase Used parameter is 'Used', then the k:th inner loop power adjustment shall be calculated as:
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is the temporary sum of the last DL_Power_Averaging_Window_Size inner loop power adjustments (in dB).

For the first (DL_Power_Averaging_Window_Size – 1) adjustments after the activation of the limited power increase method, formula (1) shall be used instead of formula (2). Power_Raise_Limit and DL_Power_Averaging_Window_Size are parameters configured in the UTRAN.

-------------------------------- End of Copy/Paste of section 5.2. 1.2.2 ------------------------------------------------------------

This algorithm is not correct when the Node B is close to its minimum or maximum transmit power (which will happen for all UEs close to the Node B or close to the cell edge).

The problem may be explained with an example with following setting:

· DL_Power_Averaging_Window_Size = 10 slots.

· Minimum power = 0 dBm

· Power control step = 1 dB.

In this example, for simplicity, power adjustments other than the ones due to the inner-loop power control have not been taken into account, e.g. the power balancing adjustments.

- Starting DL power = 2 dBm

- Receive TPC=DOWN (-1)  
=> DL power = 1 dBm
(delta = -1 dB)

- Receive TPC=DOWN (-1)
=> DL power = 0 dBm
(delta = -1 dB)

- Receive TPC=DOWN (-1)
=> DL power = 0 dBm
(delta =  0 dB) : Blocking at Minimum Power
- Receive TPC=DOWN (-1)
=> DL power = 0 dBm
(delta =  0 dB) : Blocking at Minimum Power
- Receive TPC=DOWN (-1)
=> DL power = 0 dBm
(delta =  0 dB) : Blocking at Minimum Power
- Receive TPC=DOWN (-1)
=> DL power = 0 dBm
(delta =  0 dB) : Blocking at Minimum Power
- Receive TPC=UP   (+1)
=> DL power = 1 dBm
(delta = +1 dB)

- Receive TPC=UP   (+1)
=> DL power = 2 dBm
(delta = +1 dB)

- Receive TPC=UP   (+1)
=> DL power = 3 dBm
 (delta = +1 dB)

- Receive TPC=UP   (+1)
=> DL power = 4 dBm
 (delta = +1 dB)

- Receive TPC=UP   (+1)
=> DL power = 5 dBm
(delta = +1 dB)

- Receive TPC=UP   (+1)
=> DL power = 6 dBm
(delta = +1 dB)

- Receive TPC=UP   (+1)

At this moment, the sum of the last DL_Power_Averaging_Window_Size=10 power adjustments due to the inner-loop power control is equal to -1-1-1-1+1+1+1+1+1+1 = +2 dB, according to the algorithm as currently defined in TS 25.214 and previously recalled.

This sum is what will be taken into account in the limited power raise algorithm to decide whether it is a too fast increase, in which case the last TPC_UP command will not be taken into account.

The problem is that this sum is quite small (2 dB), which gives the feeling that the power increase over the last 10 TPC commands is quite small, in which case we will probably accept the last TPC_UP command. However, the real power increase during the last slots is equal to 0+0+0+0+1+1+1+1+1+1 = +6 dB, i.e. is much larger. It is not equal to the sum of power adjustments corresponding to TPC commands, since some TPC commands were not taken into account because of the minimum power that was already reached. 

For example, if the parameter Power_Raise_Limit is set to 4dB and considering the previous example: with the current implementation in the standard, the last TPC_UP command will be accepted (and the Node B power will be increased by 1 dB). However, it would be better to reject it since the real power increase was equal to 6 dB.

The same problem occurs when the Node B power is close to the maximum power (in this case, there may be some TPC_UP commands not taken into account by the Node B because it already reaches the maximum power, which will cause similar problem as the one described previously). For example, it may happen that, starting from the maximum power, and after a short power decrease, a new power increase is required but not accepted, as the current algorithm makes as if the Node B had previously increased its power too much, whereas it is in fact not the case as the Node B had reached the maximum transmit power.

3 Proposal

In order to correct the algorithm when the Node B is at the minimum or maximum power, it is proposed to slightly changed the Release 6 specification on the (sum(k) computation in order to take into account the fact that the NodeB is at the power limit (minimum or maximum). The new proposal is defined below.
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with:

· QTPC(k) = 0 
If P(k) = Maximum_DL_Power + (Pcurr or   If P(k) = Minimum_DL_Power.

· Otherwise: QTPC(k) = PTPC(k)
Note : (Pcurr = 0 if the k:th slot is a  normal slot or (Pcurr > 0 if the k:th slot is a compressed slot

Based on this correction, the specification would remain unchanged when the NodeB will not be at the minimum or maximum power.

3. Backward compatibility

There is no problem of backward compatibility since this algorithm is only performed in the NodeB. It means that Release 6 NodeB could operate with the optimum transmit power raise algorithm while the NodeB from a previous release could operate with sub-optimum transmit power raise algorithm.
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Isolated Impact Analysis

The CR affects only the downlink power raise algorithm in the Node B and has therefore isolated impact. A Node B implementing the CR will ensure correct transmit power raise behaviour, while a NodeB not implementing the CR will have negative impact on the system.

5.2.1.2.2
UTRAN behaviour

Upon receiving the TPC commands UTRAN shall adjust its downlink DPCCH/DPDCH power accordingly. For DPC_MODE = 0, UTRAN shall estimate the transmitted TPC command TPCest to be 0 or 1, and shall update the power every slot. If DPC_MODE = 1, UTRAN shall estimate the transmitted TPC command TPCest over three slots to be 0 or 1, and shall update the power every three slots.

After estimating the k:th TPC command, UTRAN shall adjust the current downlink power P(k-1) [dB] to a new power P(k) [dB] according to the following formula:

P(k) = P(k - 1) + PTPC(k) + Pbal(k),

where PTPC(k) is the k:th power adjustment due to the inner loop power control, and Pbal(k) [dB] is a correction according to the downlink power control procedure for balancing radio link powers towards a common reference power. The power balancing procedure and control of the procedure is described in [6].

PTPC(k) is calculated according to the following.
If the value of Limited Power Increase Used parameter is 'Not used', then 
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If the value of Limited Power Increase Used parameter is 'Used', then the k:th inner loop power adjustment shall be calculated as:
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with:

· QTPC(k) = 0 if P(k) = Maximum_DL_Power + (Pcurr or P(k) = Minimum_DL_Power

· Otherwise: QTPC(k) = PTPC(k)

Note: (Pcurr = 0 if the k:th slot is a  normal slot or (Pcurr > 0 if the k:th slot is a downlink compressed slot
(sum(k) is the temporary sum of the last DL_Power_Averaging_Window_Size inner loop power adjustments (in dB).

For the first (DL_Power_Averaging_Window_Size – 1) adjustments after the activation of the limited power increase method, formula (1) shall be used instead of formula (2). Power_Raise_Limit and DL_Power_Averaging_Window_Size are parameters configured in the UTRAN.

The power control step size TPC can take four values: 0.5, 1, 1.5 or 2 dB. It is mandatory for UTRAN to support TPC of 1 dB, while support of other step sizes is optional.

In addition to the above described formulas on how the downlink power is updated, the restrictions below apply.

In case of congestion (commanded power not available), UTRAN may disregard the TPC commands from the UE.

The average power of transmitted DPDCH symbols over one timeslot shall not exceed Maximum_DL_Power (dB), nor shall it be below Minimum_DL_Power (dB). Transmitted DPDCH symbol means here a complex QPSK symbol before spreading which does not contain DTX. Maximum_DL_Power (dB) and Minimum_DL_Power (dB) are power limits for one channelisation code, relative to the primary CPICH power [6].
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